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The Babcock & Wilcox Company. .. 85 Liberty St... . New York. ..N. Y. yi 





The many advantages of owning and operating a 
modern boiler unit complete in component equip- 
ment and containing features formerly included in 
only costly equipment for large plants, are now avail- 
able to industrial power plants through the installa- 
tion of a Babcock & Wilcox Integral-Furnace Boiler. 

This new unit includes boiler, superheater, water- 
cooled furnace, fuel-burning and control equipment, 
and, when required, an economizer or an air heater, 
or both. Each component is so designed and all are 
so coordinated as to assure efficient and dependable 
operation at both normal and high ratings with ex- 
ceptionally low maintenance costs. 


Furthermore, the most economical fuel, or fuels, 
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can be used, as the Integral-Furnace Boiler will utilize 
pulverized-coal, oil, or gas, fired singly or in any 
combination. Savings in installation costs, too, are 
possible, as this unit may often be installed in an 
existing building since it requires but little headroom 
and no basement. 

One industrial plant has reduced power and steam 
costs to a little over one pound of coal per kilowatt 
hour by replacing inefficient and obsolete equipment 
with Babcock & Wilcox Integral-Furnace Boilers. 
Similar economies have been effected in other plants 

savings sufficient to justify a thorough in- 
vestigation of the adaptability of this unit to your 
requirements. 
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COMPLETE INFORMATION ON THIS NEW BOILER fia. / 
UNIT IS CONTAINED IN A_ FULLY-ILLUSTRATED My / J 
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ating, Ventilating 


AND OTHER AIR EQUIPMENT 


SEND 


1. Suspended Speed Heaters 
Wall or ceiling installa- 
tion. Fin type heating 
element. For all steam 
pressures up to 200 lbs. 
Capacities up to 636,000 
B.T.U. 





2. Rexvane Speed Heaters 

Floor, wall, or ceiling in- 
stallation. Fin type heat- 
ing element. For steam 
pressures up to 200 lbs. 
Capacities up to 1,000,000 
B.T.U. 





3. Centrifugal Fans 

A wide variety of types 
and sizes for exhauster or 
blower service, including 
high pressure and acid 
proof fans. Belt, motor, or 





turbine driven. 


4. Propelier Fans 

Built in fan sizes from 12” 
up to 45”. Electric motors 
are available for both A.C. 
and D.C. current, in wide 
variety of voltages. 








5. Ventilating Sets 

For use with ducts, in ven- 
tilating small rooms, lab- 
oratory hoods, and in 
general any room up to 
10,000 cubic feet contents. 





Direct connected motor. 


6. Mechanical Draft Fans 

Forced and induced draft 
fans to meet any need. Can 
be furnished with Sturte- 
vant reduction gears and 





steam turbine, motor or 
engine drive. 


FOR THIS 


UP-TO-THE-MINUTE 


DATA 





7. Air Preheaters 

For preheating combus- 
tion air, in connection 
with mechanical draft sys- 
tems. Effect large savings 
in coal consumption. Both 
plate and tubular types. 





8. har-aw4 Economizers 

For preheating boiler feed 
water, by means of waste 

gases. Their use results in 

large coal savings. Cast 

iron and steel tube types. 





9. Air Conditioning Equipment 

Individual units or com- 
plete central systems in- 
cluding fans, air washers, 
heaters, etc., for mainten- 
ance of desired tempera- 





ture and humidity. 


10.  Brying Equipment 

A wide variety of equip- 
ment for industrial drying 
in connection with textile, 
rubber, wood, leather, 
chemical, food, ceramic, 








and many other products. 


11. Lumber Dry Kilns 

For sawmills, box makers, 
furniture manufacturers, 
etc. New Internal Fan 
Kiln provides crossflow 
circulation without ducts 
or reversing motor. 
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12. Pneumatic Conveying Equip. 
A complete line of equip- 
ment for removal and dis- 
posal of dust, lint, shav- 
ings, and light materials of 
this sort in general. 





13. Portable Vacuum Cleaners 

Cleaning costs can be cut 
with these Sturtevant Vac- 
uum Cleaners. Made in a 
range of sizes. Complete 
with tools to meet various 





cleaning needs. 


14. Centrifugal Compressors 
weg Design No. 9 shown is for 


2 \ 










\ industrial furnace, convey- 
i) ing and pneumatic tube 
‘ work, Pressures: 4 to 10 


Ibs. Volumes: 50 cubic 
feet to 50,000. 


B. F. STURTEVANT COMPANY 
Main Offices: Hyde Park, Boston, Mass. 


Chicago, Ill., 400 N. Michigan Ave.; San Francisco, Cal., 
681 Market St. Branch Offices in Other Cities 


B. F. STURTEVANT CO. of CANADA, Ltd., GALT. 
Sales Offices in Toronto and Montreal 
Representatives in Principal Canadian Cities 


B. F. Sturtevant Company, Hyde Park, Boston, Mass. 
(J Please send me information regarding the following Sturtevant Equipment. (Refer 


to by number) 


[] Please have your representative call. 


Name 


Address.. 





Company............ 


WORLD’S LARGEST MAKER OF HEATING, VENTILATING AND ALLIED AIR EQUIPMENT 
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Richard Moller 


YR at least a quarter of a century every student 

of thermodynamics has studied, used, and learned 
to admire the Mollier diagram. No less distinguished 
an authority than the late Sir Alfred Ewing said of it 
that it possessed ‘‘advantages that entitle it to first 
place among devices for representing graphically the 
thermodynamic advantages of steam engines, or of the 
working fluids in refrigerating engines.”’ 

While any two of a number of properties of steam 
may be used effectiv ely as coordinate axes for represent- 
ing innumerable processes of importance using steam or 
other vapors, the Mollier diagram, from which differ- 
ences in total heat content can be so readily determined 
for any conditions of moisture or superheat, has un- 
doubted utility. Even when it is not drawn to ac- 
curate scale, the chart provides a ready means of repre- 
senting graphically a variety of processes and cycles so 
clearly that economy of effort in explanation on the one 
hand and in comprehension on the other are secured. 

Richard Mollier, of Dresden, who first published this 
useful device in 1904, died on March 14, 1935. Engi- 
neers will continue to honor his memory by associating 
his name with the total-heat-entropy diagram whenever 
it is used. 


A Useful Registration 


‘a dislocations and changes brought about by the 
world-wide depression have made necessary a re- 
survey of the membership of The American Society of 
Mechanical Engineers in order to bring up to date and 
place in useful form personal and professional data re- 
lating to every member. Hence members have received 
in the mail a four-page record blank to be filled out and 
returned to headquarters as soon as possible. 

The value and principal uses to which the information 
reported on the blanks may be put are evident at a glance. 
Pages one, three, and four, for example, are devoted 

biographical and professional data desired in any 
complete history file. From these the characteristics 
and attainments of every individual can be determined. 
Such information is valuable in making appointments 
to committees and in finding the man best suited for 
particular jobs that come day by day to the secretary's 
office. 

Page two, if carefully checked, should reveal a mem- 


MECHANICAL 
ENGINEERING 


GEORGE A. STETSON, 


273 


May 
1935 


Editor 











ber’s professional interests so completely that the pro- 
gram-making agencies of the Society may find the par- 
ticular subjects in which there is abundant interest and 
the individuals who are likely to benefit from activities 
carried on in these fields. 

Returns from the first mailing have indicated a willing- 
ness on the part of members to supply the Society with 
this complete information about themselves and their 
professional records. The result at headquarters has 
been to endow each of these members with a distinctive 
individuality, more accurate, in many cases, than per- 
sonal acquaintanceship, which is necessarily limited to 
a relatively few, can ever be. It is the desire and 
intention of the headquarters staff to make abundant 
and constant use of the records obtained in service to 
the members so recorded. From them it is hoped new 
and valuable material for Society work will be recruited, 
and many unknown but able experts in a variety of fields 
will be discovered. When the request comes for an 
unusual man to fill an important job, information will 
be available on hundreds of members, and the Secre- 
tary'’s office will not have to rely upon the chance 
recollection of some one recently come to its attention. 
Thus by a fuller —T of what a mechanical en- 
gineer is like and what he has accomplished, greater 
coordination in Society work and service may be ex- 
pected. Every member can help in this useful work by 
filling out the blank as completely as possible and re- 
turning it promptly for classification and filing. 


Portrait of Parsons 
O ENGINEERS the name of Parsons is as imperish- 


ably associated with the steam turbine as the name 
of Watt is with the steam engine. But what manner of 
man he was probably a majority of engineers in this 
country have had little occasion to discover except from 
the addresses which he made before learned societies 
and from the familiar portrait which betrays a keen in- 
telligence and thoroughly aroused interest. We have 
reason to be grateful, therefore, to the more intimate 
picture of the man sketched in words by one who knew 
him well, Lord Rayleigh. For none can read the memoir 
that he has prepared to the scientific papers and ad- 
dresses of the Hon. Sir Charles A. Parsons, recently pub- 
lished by the Cambridge University Press, without 
chuckling over the little incidents brought to light in 
such friendly fashion. 
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Lord Rayleigh describes, for example, the ‘‘sanctum 
not without distinction’’ at Ray, the Parsons shooting 
lodge on the Northumberland moors. A sanctum it was, 
and a man’s at that, which house-maids must not dis- 
turb and from which Lady Parsons herself might some- 
times remove ‘‘cigarette ends, burnt-out matches, and 
the like."" More expressive it was, apparently, of the 
man than of the engineer and inventor, for Lord Ray- 
leigh notes little that might be significant of Parsons’ 
work though much that, in the total of its details, could 
belong to no one but the man himself. 

By deft touches of anecdote, Lord Rayleigh makes a 
person out of aname. He tells about the ‘‘criticism in 
emphatic language’’ called out by Parsons, the auto- 
mobilist, to other drivers on the road; the white cocka- 
too, inhabitant of the sanctum, that had to be placated 
in the midst of conversation with soothing words and 
sugar; the ingenious means of warming a too-cold 
carburetor; the parlor-maid’s stays from whence came 
the steel spring to repair the distributor of the motor 
car; the relish with which the inventor unwittingly 
ate the dog’s dish at breakfast; and a host of other 
trivialities and glimpses of Parsons at work and among 
his friends, until it becomes so real that we almost ex- 
pect to look up and see the man himself standing there. 

Too many of us think of men like Parsons as though 
they were the machines to which their names have be- 
come attached. But apparently the long static-looking 
turbine casing, with the rapidly turning rotor within re- 
sponding so perfectly to the genius of the designer, is an 
inaccurate characterization of a man who professed to 
scorn analytical mechanics and made up his models out of 
paper, knitting needles, wax, and string; who cast 
longing eyes at his wife's engagement ring during the 
many years that he experimented on producing artificial 
diamonds; and who proposed the sinking of an enor- 
mous bore hole into the earth in order to find out what 
it might contain. 

The papers on the steam turbine and related subjects, 
and the addresses which showed such a clear reading of 
the history and philosophy of invention are the valued 
writings that Parsons himself contributed to the litera- 
ture of engineering. The memoir by Lord Rayleigh 
helps us to appreciate with a warmer sense of reality the 
essentially human characteristics of a man of genius. 
We can afford to think better of the human race knowing 
such men are parts of it, and we realize more fully the 
debt of engineering to them. 

Men like Parsons are dissatisfied with the world as 
they find it, they work prodigiously, and they leave it 
better than they found it. Their lives are not easy. 
As Lord Rayleigh says ‘“The young inventor in the com- 
mercial world is often regarded as a sort of revolu- 
tionary who wishes to upset vested interests, and many 
people’s hands will at first be against him. Like a 
political revolutionary, he is apt to be regarded as a 
dangerous nuisance before he succeeds, and only becomes 
a hero afterwards.’’ But without them there is little 
progress. Since the time of Watt we have seldom 
needed so desperately men with Parsons’ abilities. 
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Dams—And What's Back of Them 


HE present Administration will be known for a 

long time for the size and number of dams it has 
constructed. Wherever a river rolls limpidly or tur- 
bulently to the sea, the hand of man has been raised 
against it to check its course. A variety of excuses and 
explanations are offered—hydroelectric power, naviga- 
tion, flood control, reclamation, irrigation, water sup- 
ply—singly or in any combination. Pump-priming, re- 
covery, relief of unemployment, socialization of areas 
inadequately supporting the underprivileged, yardsticks, 
decentralization, social planning, and dozens of other 
formulas lie conveniently at hand for the confounding 
and shaming of critics. That the engineering quality of 
these works is of a high order is attested, for example, 
by the extensive articles on the Boulder dam which ran 
through many of our issues in 1934. Courage, skill, and 
ingenuity for which engineers are justly famous are being 
abundantly displayed in these numerous works. 

But genuine as is our admiration for the great dams 
that are rising across our rivers from coast to coast, 
there are other dams which should be removed. There 
are, for example, those obstructions in the regular chan- 
nels of trade, commerce, and communication which 
interrupt the flow of goods and services in our economic 
life. In the construction of these dams the hand of the 
engineer is absent, and on him in particular neither blame 
nor credit can be placed. Back of these dams there are 
piling up great floods of unsatisfied wants, deferred plans, 
thwarted ambitions, and unfulfilled hopes that repre- 
sent more of the good things of life to the inhabitants 
of this country than can ever be supplied by the benefits 
to be derived from steel and concrete structures financed 
by the Administration. Behind these dams is business. 

In an effort to show for a certain group of industries 
of which it is constituted the extent of the flood of busi- 
ness that waits on ‘‘a sound governmental policy and 
restored confidence’’ the Machinery and Allied Products 
Institute has recently issued a report on its Potential 
Machinery Requirements Survey. Because the report 
will probably appear in a number of places, and because 
our own pages are too crowded to present it in full, only 
the high points will be commented on here. 

The Survey was made through members of the 58 
trade associations affiliated with M.A.P.I. From the 
data collected, the potential machinery requirements of 
all industry were found to be in excess of 18 billion dollars, 
distributed as follows: Agricultural implements, 3.94 
per cent; electrical machinery, apparatus, etc., 32.63; 
engines, turbines, tractors, and water wheels, 6.48; 
foundry and machine-shop products, 39.30; machine 
tools, 3.9; and all others 13.75 per cent. 

Attacking the problem from another point of view the 
report points out that with an annual machinery produc- 
tion of $6,609,500,000 prior to the depression, and an 
average annual production throughout the five years of 
the depression of only $2,737,500,000, the pent-up busi- 
ness would amount to 19 billion dollars, slightly in 
excess of the figure obtained by the survey. 
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A table of the potential machinery requirements of the 
builders of machinery in the 58 industries affiliated with 
M.A.P.I. shows a total of $45,377,402, of which 68.65 
per cent is for machine tools, 7.34 per cent for electrical 
equipment, 5.37 for handling and service, 5.53 for power 
plant and boilers, and 13.11 for other machinery. Of the 
total, slightly more than half represents replacement. 

Additional evidence of what is behind the dams of re- 
stricted business is offered in the March 30 issue of 
Electrical World. Basing its philosophy on recovery 
through private initiative the World states that ‘‘if 
encouraged, instead of destroyed, the public utilities can, 
with the help of other branches of the industry, create 
now a business of $16,500,000,000, employ 1,000,000 
men, and add $1,000,000,000 a year to payrolls.’ 

For engineers w ho have, during the past five years, 
had to content themselves with restricted outputs, and, 
in many Cases, actual loss of job and means of livelihood, 
the potential markets for machinery, given ‘‘a sound 
governmental policy and restored confidence,’’ the basis 
of the M.A.P.I. figures, and the expansion of public 
welfare that the public utilities may be able to stimulate 
“if encouraged instead of destroyed,’’ are eagerly 
awaited. Rejuvenated business and jobs and satisfac- 
tions for mechanical engineers lie back of the dams that 
are holding up recovery. 


The Thirty-Hour Week 


HAT sooner or later the thirty-hour week will come 

there can be scarcely any doubt. In fact, with the 
progressive automatization of production there is no 
reason to believe that we are going to stop at thirty 
hours. The day may come, perhaps within the span of 
life of the present generation, when two or three days of 
work per week will be all that will be required for a 
better and fuller life than we enjoy today. When we 
consider, however, the problem of a thirty-hour week, 
as at present proposed, we are dealing not with what may 
happen in ten, twenty, or thirty years, but with the 
immediate present, with all of its social and economic 
deficiencies and maladjustments. 

If the thirty-hour week is to be adopted in order to 
spread employment, there are probably enough men look- 
ing for work to satisfy many of the demands on labor 
that the shortening of the week may require. But who 
is going to pay for it? And how? 

One way is to cut salaries and wages in proportion to 
hours. This has been tried in the ‘‘share-a-job’’ move- 
ment, adopted by some industries in the early years of 
the depression, and must be considered a purely emer- 
gency measure, which today would not be acceptable to 
any one, as it would merely freeze the present conditions 
rather than provide a basis for their improvement. 

Another way is to cut the hours per week and at the 
same time speed up production, retaining the salaries 
and wages as they were before. Under this system labor 


would earn in thirty hours the same amount that it is 
earning today in forty to forty-eight hours, and would 
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produce in accordance with its earnings. Labor would 
gain a few hours of leisure but there would be few pos- 
sibilities of new employment. In many industries such 
a speeding up could not be achieved at all, or would 
be accompanied by excessive strain on labor, and 
some cases a lowering of standards of safety. At best 
industry would have to reorganize itself to meet the more 
rapid tempo of production. There would be a tendency 
to introduce labor-saving devices so as to accomplish in 
six hours per day more than was formerly accomplished 
in seven or eight, and in general a number of difficult 
problems of control would have to be solved without 
any visible benefit to any one concerned. 

Another possibility which is apparently in the back 
of the minds of those who are advocating the thirty-hour 
week is to take the difference between the cost of pro- 
duction under a forty- or forty-eight-hour week and 
the thirty-hour week out of the profits of capital. This 
might be nice for labor, though whether it would benefit 
the country as a whole still remains to be seen. It is 
not necessary, however, to give this possibility extensive 
consideration, as from corporation reports we know that 
the number of those out of the red is not large and the 
number of those that are in the black enough to meet 
the additional costs of production is extremely small. 

Borrowing out of capital to pay a share of the costs of 
current production can be an emergency measure only. 
If an attempt should be made to use this scheme as a 
permanent device, capital would soon be exhausted and 
a complete collapse of national economy would follow. 
This is practically what happened in Germany after the 
Ruhr occupation by France, and is obviously inevitable, 
first because the amount of capital available even in such 
a wealthy country as the United States is limited, and 
second, because accumulation of capital is necessary to 
promote new industries without which a highly in- 
dustrialized country like this cannot exist. 

It should be noted that the proposals for the thirty- 
hour week have happily been restricted to industrial 
labor. No attempt has been made to extend the idea to 
workers on farms, to mothers and housewives, to crea- 
tive scholars and scientists, or to the individuals and 
executives upon whose shoulders the real responsibility 
of maintaining and advancing the status of mankind 
rests. Furthermore, unless means are devised whereby 
the production of wealth can be made greatly move 
abundant, as by improved machinery, products, methods, 
and management, working men themselves will not be 
content, in times when employment is open to them, to 
limit their incomes by working thirty hours if there is 
a possibility of earning more by working longer hours 
at the same or a greater rate. But a workman who will 
be content with what he can earn in thirty hours when 
the possibility of earning more presents itself is not to 
be encouraged, and a social policy which tells him he 
may not earn more invades his rights as an individual 
and will result in the retrogression of the nation that 
adopts it. A civilization satisfied with a minimum, con- 
tent to establish its economy on a poverty level, will 
have to give way eventually to a more virile type. 
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PERSONALITY EVALUATION 
and BUSINESS RELATIONS 


By ROY M. DORCUS 


THE JOHNS HOPKINS UNIVERSITY 


HE SPEAKERS who have preceded me in this series! have 

pointed out the importance of personal relationship in 

successful business adjustments. There is scarcely a 
job in which the social relations of the individual do not have 
not only an important bearing on his own immediate position 
but also upon the business organization which he represents. 
Therefore, my main thesis will be concerned with psychological 
attempts to define and measure personality. 

The measurement of personality cannot be overemphasized. 
We are prone to make mistakes in judgment because (1) the 
essential factors for making the judgment are lacking; (2) 
the time required is inadequate; (3) the signs on which the 
judgment is based are erroneous; or (4) we do not have a clear- 
cut idea of what the concept signifies. Psychologists and 
others, therefore, have attempted to develop a suitable defini- 
tion for personality, and have attempted to rule out in so far 
as possible the personal element in making judgments. 

The terms ‘“‘character’’ and ‘‘temperament’’ immediately 
present themselves as soon as the term ‘‘personality’’ is men- 
tioned. All of these concepts are interrelated and form a defi- 
nite part of what is usually ascribed to any one of the concepts. 
However, certain distinctions that are conventionally drawn 
may be practically utilized. The distinctions set forth here 
are not the only ones possible, but only those that seem to me 
to be pertinent to our discussion. 


‘““PERSONALITY,  ‘‘CHARACTER,' AND ‘TEMPERAMENT’ DEFINED 


Let us first consider the term ‘‘personality.’’ It is derived 
from the Latin word persona, meaning mask, and its significance 
can be found in the clay masks worn by actors when portraying 
a particular part or in attempting to imitate a particular per- 
son. This historical notion implies the general appearance of 
the individual as the major attribute of personality. While 
general appearance is without question one of the aspects, the 
ideas of the Romans may again be consulted for further light 
on our present theories. Not only must the appearance of the 
actor be suitable for portraying a part but the acting must also 
be appropriate. This leaves personality somewhat less fixed 
and less rigid. It implies the individual in action and, hence, 
changing. We can therefore define personality as the picture 
or impression that any observer obtains of an individual at any 
givenmoment. You may ask—Does the individual ever present 
the same picture at any two successive moments? In general, 
no; but there are certain major patterns of reaction or portrayals 
that are fairly uniform over a long period of time. The com- 
plete understanding of any individual's personalicy requires 
intimate observations of reactions in a wide variety of situations 
over a fairly long period of time. For different observers 
any individual will present many so-called different person- 
alities which signifies a changing or fleeting personality. To- 


1 This paper is the fourth of a series of addresses on ‘Business Funda- 
mentals for Engineers,’ delivered at the Engineers Club of Baltimore. 
Other addresses in the series have appeared in the February, March, 
and April issues. 


day, one may show quickness of decision; tomorrow, slowness 
and indecision; and on the next day, even unwillingness to con- 
sider a problem. The factors responsible for such changes can 
only be guessed in many instances. Here is a man who has been 
a valuable asset to an organization. His work becomes in- 
accurate; he quarrels with his inferiors and superiors; and he 
produces a deleterious effect on his colleagues. Is this man’s 
personality change a long and steady growth, or is it merely a 
vacillation which up to that time had not made its appearance, 
but nevertheless was an integral part of his personality? This 
is one of the problems of measurement which will be considered 
later. 

‘“Character’’ (often referred to as reputation) is an undeniable 
part of personality and may be defined as that aspect of person- 
ality, trait, or customary mode of reaction that differentiates 
one individual from another. When we say a man has a good 
character, or a bad character, all we imply is that in certain 
situations he reacts or does not react in the approved social 
custom. It does not imply some inherent mode of reaction 
that is immutable. A man may have a good character until 
he has been caught at embezzling. In regard to his reaction 
to stealing, we now say he has a bad character. That is, we 
are talking about a single trait of personality. He may still 
have a good character regarding his reactions to social con- 
ventions concerning sexual matters. 

‘“Temperament”’ has a rather restricted meaning psychologi- 
cally, although we are prone to confuse temperament with char- 
acter and with the more general concept, personality. It is a 
definite part of the latter. According to Bridges, temperament 
may be defined as the total affective constitution or predisposi- 
tion in regard to feeling and emotion. In other words, tem- 
perament may be regarded as the emotional response to a wide 
variety of situations. It may include such characteristic re- 
sponses as apathy, overemotionality, or single emotional re- 
sponse as the chief component in numerous reactions. 

You can see readily that the problem of measuring personality 
is inextricably tied up with the measurement of character and 
temperament. I am forced, as a result, to treat these as some- 
what analogous terms in my subsequent discussion. 


RELATION BETWEEN PERSONALITY AND PHYSIQUE 


The ancients were familiar with the differences which occur 
in human behavior and speculated as to their causes. Their 
inadequate knowledge of physiology, chemistry, and neurology 
led, of course, to what, at the present time, may seem like 
humorous explanations. Some of their observations were 
acute and the bases thus established have persisted through 
history and are in vogue with certain modifications today. 
One of the speculations that would arise most naturally is 
whether there is any relation between personality and physique, 
including under the former certain reactions which may be 
called intelligence, and under the latter, stature and appearance. 
These speculations are rife at the present time and the experi- 
mental work of the psychologists has by no means lessened the 
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number of quacks who thrive on a gullible public, including 
both the educated and uneducated. 

The ancient Greeks are the first on record to attempt to show 
the existence of such relationships. Statements about the 
matter will be found in the writings of Plato and Aristotle. 
The work was continued by Gall and Spurzheim, the phrenolo- 
gists; Seeland, the anthropologist; Kraepelin and Kretschmer, 
psychiatrists; and was popularized in this country by the fol- 
lowers of Fowler, Blackford, and many others. Whatever the 
final judgment concerning the validity of the work of the per- 
sons mentioned, we cannot deny that they raised a number of 
questions that needed scientific investigation. It is useless to 
deny the fact that the physical appearance of some people is 
more agreeable than the physical appearance of others, and that 
appropriate physical appearance is a necessary adjunct in some 
business fields. The psychological work has not been directed 
toward determining the agreeableness or lack of agreeableness of 
physical appearance. It has dealt with the reliability of 
judgment of physical traits, and the relations of such physical 
traits as height, weight, hair color, eye color, shape of mouth, 
chin, head, and hands to such psychological traits as intelli- 
gence, perseverance, kindliness, conceit, courage, and truthful- 
ness. The measurement of physical characteristics offers no 
unsurmountable problems, but when the psychological traits 
are scrutinized, difficulty is encountered in determining the 
possession of a specific trait either by one’s self or by another. 
It is impossible to discuss all the experimental work in this 
field and only sufficient work will be mentioned to give you a 
brief acquaintance. In regard to the reliability of judgment of 
physical and mental traits by acquaintances or trained personnel 
men we can say that the following information is representa- 
tive. 


RELIABILITY OF JUDGMENT OF PHYSICAL AND MENTAL TRAITS 


Hollingworth had 12 experienced sales managers rate 57 
applicants for sales positions with the following results: 
Three applicants taken at random from the group were as- 
signed by the judges rank positions ranging, for applicant 1, 
from position 6 to 56; applicant 2, from position 9 to 51, and 
applicant 3, from position 1 to position 57. 

In a somewhat different experiment Magson had 149 students 
rated by approximately 25 judges who represented different 
occupational groups. Judgments were made on traits such as 
general ability, based on an interview; general ability, sense 
of humor, general cheerfulness, quickness of apprehension, 
and profoundness of apprehension, based on long acquaintance. 
The interviews were practically valueless, since there was 
slight agreement among the various estimates. The pro- 
longed acquaintance did not produce much more promising 
results. Definition of the trait to be judged and some training 
of the judges in looking for the specific trait affords somewhat 
better results according to O’Rourke but his conclusions are 
subject to controversy. 

Work that I have carried on indicates that even an individual's 
self-estimate of a variety of traits including honesty, cheerful- 
ness, laziness, and awkwardness are above the average for de- 
sirable traits and below the average for undesirable traits. 

Rating scales and judgments of character traits from an inter- 
view or personal acquaintance are, on the whole, unreliable. 

Intelligence, which the layman assumes he is able to judge 
with some proficiency, is even less accurately estimated than 
character traits when the estimates are made on a basis of 
physical appearance. The feebleminded, especially the moron, 
may be rated high in intelligence and the normal individual] 
cataloged as inferior. Mistakes in judging the intelligence 


of idiots and imbeciles are not likely to occur, since the physical 
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signs are usually prominent. Anderson's experiment on rating 
general intelligence on the basis of general appearance is directly 
applicable to a business situation. Portrait photographs of 69 
of the more important executives of a large department store 
were bound in a company year book. These portraits were 
then sorted out independently by 12 graduate students into 4 
groups: (@) The seven most intelligent, (b) the seven least 
intelligent, (¢) the fourteen most intelligent, excepting group 
a, and (@) the fourteen least intelligent, excepting group 5. 

The average of the scores of these twelve judges was cor- 
related with scores made on a modification of the Army alpha 
intelligence test with a result of +0.27. The experiment which 
I have cited involves the use of photographs and you may argue 
that more accurate judgments could be obtained from seeing 
the individual in person. Actually, experiments using this 
procedure do not give any more significant results. Cleaton 
and Knight have demonstrated that the popularly approved 
physical signs of intelligence, judgment, frankness, friendliness, 
will power, leadership, originality, and impulsiveness, give 
practically no correlation when rated either by close friends or 
casual observers. I should like to discuss at greater length the 
relation between physical characteristics and intelligence. It 
has already been shown that general appearance is no index of 
intelligence, but many people seem to reason that a given part 
of the physical structure is a better index than the whole 
Rating scales and subjective judgments can be said with fairness 
to be unreliable indexes of general personality and intelligence 

The low correlations which have been found between per 
sonality traits and physical characteristics may be due to the 
fact that the judgments have been made of the individuals in 
repose. In order to overcome this difficulty several attempts at 
constructing personality tests, which involve activity capable 
of objective measurement, have been made. While these so- 
called personality tests do not entirely avoid rating scales and 
ambiguities of interpretation, the methods of approach em 
ployed seem more likely to succeed than the varieties of ap 
proach which have been under discussion. 


OBJECTIVE TESTS 


The Downey will-temperament test is one of the earliest of 
this type. It purports to measure such traits as speed of de 
cision, flexibility, motor impulsion, resistance to opposition, 
reaction to contradiction, finality of judgment, motor inhibi 
tion, interest in detail, coordination of impulses, and volitional 
perseveration. 

I shall describe in some detail the test since the method of 
approach is quite similar to that involved in some of the other 
investigations that will be mentioned. 

For measuring speed of decision a list of personality traits is 
presented and the individual is required to rate himself posi 
tively or negatively. A measure of speed of movement is 
obtained by having the individual write his name, or United 
States of America, at his accustomed rate. Flexibility or ability 
to change is measured by writing a phrase in a disguised hand 
and by copying a phrase written in an entirely different hand; 
motor impulsion, by having the individual perform an habitual 
motor reaction while carrying out simultaneously some men- 
tal reaction; finality of judgment, by the number of changes 
made in the original checking of the personality traits; motor 
inhibition, by performing an habitual writing task at a speed 
much slower than the accustomed speed; and interest in detail, 
by the preciseness with which the individual copies a sample 
of handwriting. 

In all of these situations the individual is requested to make 
a response and the responses can be measured objectively 
Mirror drawing has been employed for determining the ability 
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of subjects to change habitual reactions, but it has been desig- 
nated as measuring a wide variety of character traits. Fear 
reactions to electrical shock, to pain, and to unexpected 
stimulation, such as snakes thrown upon the individual, have 
been obtained by various psychological methods. These 
methods include changes in respiration rate, pulse rate, and in 
skin resistance. Unfortunately, there is no quantitative change 
in the subject's reactions which is directly proportional to the 
strength of the stimulus. In addition, we cannot be sure either 
of the subject's past experience or of the nature of the reaction 
itself. I will mention still another objective test supposed to 
measure inhibition. A subject’s hand is placed directly under 
a large weight that is visible. He is told that the weight will 
be released but will be stopped before striking his hand. The 
tendency is to withdraw his hand. An objective measure is 
finally obtained of the number of trials required for him to 
overcome this tendency toward reaction. 

There are several major objections to tests of this type, al- 
though these objections do not invalidate the methods, pro- 
vided enough information is secured by more thorough experi- 
mentation. In the first place, we have no way of knowing that 
the performances are accurate indexes of what they aim to 
measure; in the second place, a test situation differs from an 
actual life situation; and in the third place, it is somewhat 
fallacious to assume that a single performance or a specific 
detail of performance is indicative of performance in general or 
represents a general trait. 

Lanier has demonstrated that among certain types of motor 
reactions there is a fair degree of correlation, whereas these 
motor reactions show little relation to speed of response when 
complex thought processes are involved. The work at present 
points toward certain factors that control speed of response in 
closely knit groups which are independent of one another. 
Speed of finger movement correlates well with speed of wrist 
movement and speed of arm movement, but how these correlate 
with speed of foot movement needs to be definitely ascertained. 
In some of my recent work, to determine whether there is a 
unit trait of volitional perseveration, four widely divergent 
tasks were utilized. These tasks consisted of perseveration in 
a situation involving speed of reaction, slowness of reaction, 
fine muscular coordination, and reasoning. Although the 
data have not been correlated, superficial examination leads me 
to believe that there is some correlation between perseveration 
in fine muscular coordination and reasoning and little correla- 
tion among the others. 

To put the problem with which we have been concerned in 
every-day terminology, we would have to say that a man who 
would not steal ten cents, would not steal one hundred dollars. 
Also, that a man who would not steal one hundred dollars 
when he is likely to be caught, would not steal one hundred 
dollars when he is unlikely to be caught. At the present time 
the predictive value of the tests outlined can only be worth- 
while provided they are used by experts in conjunction with 
other information obtainable about the person examined. 


TESTS FOR INTROVERSION AND EXTROVERSION 


There is still a third group of tests which are mainly of the 
tating variety. These tests have been developed for a specific 
purpose and consequently may be discussed by themselves. 
They have been designed to discover emotional instability or 
measure certain general tendencies with respect to egocentric- 
ity or its opposite, frequently referred to as introversion and 
extroversion. Samples of this type of test are to be found in 
Woodworth’s psycho-neurotic inventory, Allport’s ascendance- 
submission reaction test, Thurstone’s neurotic inventory, and 
Bernreuter’s personality inventory. In practically all such 
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tests, the individual is required to decide whether he possesses 
a specific trait, whether he performs certain acts, and whether 
he reacts emotionally to specific situations. The contents of 
any test include a number of items that are presumably charac- 
teristic of the neurotic, of the so-called introvert, of the so- 
called extrovert, and of the normal individual. The following 
list will enable you to form some idea of the personality fea- 
tures involved in extroversion and introversion. 


Introvert signs Extrovert signs 


Blushes easily Rarely blushes 
Reticent of speech Outspoken 

Keeps possessions to himself Shares possessions 
Makes friends with difficulty Makes friends easily 


Argues Yes man 
Rewrites, adds postscripts to 

letters 
Worries Free from worry 
Indecisive 


Rebels at orders 
Day dreams 


Takes orders 
Thoughts expressed in activity 


In detecting incipient neurotic conditions emphasis is placed 
on still different characteristics. For example, questions simi- 
lar to the following are asked: 


Do you usually feel well and strong? 

Do you have nightmares? 

Do you know of anybody trying to harm you? 

Do you worry about little things? 

Do you ever have queer feelings as if you were not your own 
self? 


Questions and tests of this variety would be useful in securing 
information about people, provided the questions were not 
ambiguous; provided the individual actually remembered the 
facts necessary for the answers; and provided, the individual 
was not anxious to conceal the condition which the tests are 
purported to measure. 

Of what use are neurotic inventories, introversion-extrover- 
sion, and submission-ascendance tests in business? Theoreti- 
cally, they could be invaluable, since a different type is desirable 
for a salesman, for a policeman, and for an executive. It is 
obvious also that a different type of personality is required for 
a repetitive job from that for a job requiring a shift from one 
type of work toanother. In all these situations the emotional 
attitude or response of the worker shapes in a large measure 
his performance and satisfaction. If tests of emotional sta- 
bility only enable us to select persons who are stable without 
supplying another iota of information, the time spent on their 
construction will be justified. The unstable individual may 
be costly to an organization, because he is apt to be inefficient 
and a disturbing element for other employees. 


TRADE AND APTITUDE TESTS 


Personality tests are usually fashioned to throw light on 
major patterns of reactions and on specific traits of reaction 
which are developed through the individual's contacts with 
life. The tests already discussed are distinguished from two 
other major groups, trade tests and aptitude tests. Trade 
tests presumably measure what the individual has learned from 
taking part in a particular trade or occupation. I shall not 
discuss this group of tests more than to point out that there are 
available at the present time tests for quite a variety of occupa- 
tions. 

Aptitude tests, on the contrary, involve the detection of 
inherent ability for engaging in a particular occupation, when 
the individual has had little or no previous experience. For 
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example, can we determine what characteristics are essential 
in selecting a good monotype operator, a bricklayer, or a social 
worker? Here again I seem to be reverting to a certain extent 
to a discussion of personality. I must admit that personality 
will play an important part in determining fitness or aptitude 
for specific occupations. There are, however, other traits that 
seem to be of more significance than so-called personality; that 
is, speed of movement, length of fingers, accuracy of coordina- 
tion, sense of rhythm, and speed of comprehension. Tests for 
measuring such performances are numerous and batteries have 
been successfully assembled for a number of aptitudes. I might 
mention tests of mechanical ability, musical ability, aesthetic 
appreciation, selling ability, engineering ability, medical 
ability, and clerical ability. Standardization of these tests 
is possible since we can select a variety of performances and 
check the test performances against actual findings in the field. 
We may decide that a number of factors are involved in success- 
fully operating a monotype machine, or in selling. We can 
then administer the tests to a large number of actual monotype 
operators, or salesmen, and determine which items of the test 
correlate with proficiency. 


VOCATIONAL-INTEREST TESTS 


The recognition of these problems has led to the growth of 
another group of measuring devices which have been called 
vocational-interest tests. Psychologists are now busily en- 
gaged in their development. It is one thing to know what a 
man is capable of doing but quite another to know that he will 
do that of which he is capable. Working on the theory that 
an individual will likely do that in which he is interested, re- 
search workers have endeavored to find means of measuring such 
interests. It must be recognized that the term interest covers 
a multitude of diverse factors. One may be interested now in 
reading, at another moment in physical exercise, later in study- 
ing mathematics, and still later in perusing some painting or 
drawing. It cannot be said that interest is analogous to liking, 
because a man may be interested in a murder but does not like 
murder. He may be interested in how oysters propagate and 
move without liking to eat oysters. The greater our knowl- 
edge of a man’s interest, the more likely can some prediction 
be made concerning his future activities. Interest tests have 
not been developed for the purpose of ascertaining all the vari- 
ous factors that have interested the individual but have been 
concentrated upon measuring some more general tendency re- 
lated to specific vocations. The workers in this field recognized 
in the beginning that environmental factors influence interest. 
They also understand that interests change in accordance with 
environmental influences. The picture is further clouded by 
the fact that interest influences success and success in turn in- 
fluences interest. Evidence on these points has been assembled 
and is worth our attention for a few minutes. Fryer, after a 
study of the data obtained by a number of people, concludes 
that: 


In general, it may be said that for a period of one year, whether the 
subjects are in colleges, high school, or elementary school, there can be 
expected, on the average, about 50 per cent permanence of specific vo- 
cational interest. In other words, there is about a 60 in 100 chance of 
predicting specific vocational interests a year hence from present ones. 
For longer periods, the permanence of the specific vocational interests is 
less and the changes of predicting vocational interests two or more years 
hence is much less than that of 50 in 100. The basis of guessing future 
interests, of course, is far less than §0 chances in 100. It is the fraction 
of one over the number of occupations with which the subject has in- 
formational contact. These results indicate a considerable degree of 
permanence of specific occupational interest in the mental life of the 
individual. 
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As Fryer has suggested, knowledge of occupations changes in- 
terests. Youngsters are more familiar with the occupations of 
their fathers than with most others. This knowledge may 
react on the youngster’s interest, since he is familiar with the 
disadvantages. In this country about 10 per cent of sons will 
be interested in the father’s occupation. Since there is a 
definite distribution of occupations, and since the majority of 
people prefer occupations in which there are fewest opportuni 
ties, a wide spread results between interest in occupation and 
subsequent engagement in that occupation. 

We know that certain occupations require definite intellec- 
tual ability and the tendency is for individuals to gravitate 
toward those occupations for which their mental equipment is 
adequate. This raises the question as to whether individuals’ 
interests coincide with their capabilities. We find from experi- 
ments on educational interests that the relation between 
estimated educational interests and educational abilities by the 
individual is approximately 60 per cent correct. These general 
statements concerning interests need to be amplified further by 
a discussion of the measurements of interest. Miner, Moore, 
Strong, Thorndike, Terman, Freyd, Kitson, and Fryer may be 
listed among the investigators. Their efforts have followed 
somewhat the same lines as the work on measuring personality 
traits. Rating scales with their attendant difficulties were de 
veloped in numerous forms. In most cases the individual tested 
was required to decide his preference for one of two lines of 
activity. In some tests the questions were related to particular 
occupations; in others the questions were more generalized. 

Moore, using an interest blank of somewhat the same nature, 
made a survey of the interests of Westinghouse engineers. He 
wished to differentiate the sales engineers from the design engi 
neers. He selected a number of occupations and activities that 
require mechanical ability and a number that require social 
ability. He then had the engineers designate on a relative scale 
those items that they preferred. He found 78 per cent correct 
placements of the sales engineers and 82 per cent correct place- 
ments of the design engineers. Ifa correction is made for those 
cases incorrectly placed, his inventory gives a validity of 60 
per cent. In a subsequent investigation he gave the inventory 
to a group of engineers in training and followed up the place 
ment of the men. From one group of 58, 85 per cent correct 
placements could have been obtained by the results in the inven- 
tory and 68 per cent of another group of 121 would have been 
correctly placed. Later follow-ups on these men showed even 
more significant results. 

Moore did not attempt the major problem of differentiating 
engineers from other occupational groups. Strong’s work on 
this point, while open to serious criticisms, is interesting and 
may prove valuable. He found that engineers could be dis 
tinguished from the following occupational groups, artists, 
ministers, certified accountants, lawyers, personnel men, bank 
ers, life insurance salesmen, and office workers in 64 cases out 
of 100 on a basis of his occupational interest test. Strong later 
attempted to develop a scoring key to be applied to the same 
test that would differentiate civil, electrical, mechanical, and 
mining engineers. His attempts in this direction were unfruit 
ful. 

I have presented a sketch of the various attempts to evaluate 
personality. While the details have been eliminated by neces- 
sity, the more generalized findings have been reported. Most 
of the work of the psychologists has been painstaking and 
careful, and I believe that their efforts have been conducive to 
a better understanding of the many problems that arise when 
man and the machine are brought together. Personality, i0 
spite of its elusiveness, has been at least partially evaluated and 
may lend itself to more accurate determination in the future. 





The DNIEPROSTROY TURBINES 


A Description of Nine Units Manufactured in This Country for U.S.S.R. 
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HE DNIEPRO- z= 


STROY hydro- | 

electricand navi- 
gation development 
formed a part of the 
first five-year plan of 
the Soviet government 
for the industrializa- 
tion of the country. 
It is located at Kichkas 
in the southwestern 
part of Russia on the 
Dnieper River about 
200 miles above the 
point where the river 
enters the Black Sea. 
Construction of the 
dam started in 1927, 
and the first power- 
generating unit was 
placed in operation in 
May, 1932. Design 
and construction of 
the dam and power 
house was planned and 


turbines, at maximum 
efficiency and at 116.5- 
ft gross head, 84,000 
hp; full gate capacity 
of turbines at 123-ft 
gross head, 100,000 
hp; maximum water 
capacity per unit, 8500 
cfs; speed, 88.2 rpm; 
unit spacing, 72.2 ft. 
Design of the tur- 
bines was started in 
March, 1929. The 
ninth and last turbine 
was delivered at the 
manufacturer's piers 
for transportation in 
April, 1932. Thecon- 
tract involved the 
furnishing of turbines 
of the greatest unit 
power capacity as 
well as the greatest 
plant capacity under- 
taken until the Boul- 





executed by the Soviet 
government under the 
supervision of Hugh 
L. Cooper & Co., Inc., 
consulting engineers. 

The size of the de- 
velopment! is indi- 
cated by the following dimensions of the structures: Length 
of dam, 5000 ft; height of dam, 140 ft; length of spillway sec- 
tion, 2005 ft; length of reservoir, 60 miles; drainage area, 
170,000 sq miles; maximum recorded flood, 835,000 cfs; length 
of power house, 820 ft; maximum gross head, 123 ft; normal 
gross head, 116.5 ft; estimated ultimate annual production of 
power, 2,500,000,000 kwhr. 


FIG. 1 


GENERATING UNITS 


Five generators and other electrical equipment were furnished 
by the International General Electric Company. The main 
parts of four other generators were manufactured in Russia. 
The Newport News Shipbuilding and Dry Dock Company, of 
Newport News, Va., furnished the nine turbines which consti- 
tute the ultimate development. They are of the vertical single- 
runner type with spiral casings of steel plate. 

Particulars of the nine power-generating units are as fol- 
lows: Rated output per unit, 77,500 kva; rated capacity of 





Contributed by the Hydraulic Division for presentation at the Semi- 
Annual Meeting, Cincinnati, Ohio, June 19 to 21, 1935, of Taz Amzrt- 
can Society or MecuanicaL ENGINERRS. 

1 A general description of the development can be found in the June 
23, 1932, issue of Engineering News-Record. 
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SECTION THROUGH 


der Dam development 
was started. 

The shafts were the 
largest and the runners 
and spiral casings the 
heaviest built up to 
thattime. The design 
was intimately associated with problems of sectionalization for 
transportation from foundries to shops, as well as from ports 
on the Black Sea by barge and rail to the power plant. The 
heaviest individual pieces weighed from 40 to 50 tons. The 
weight of each complete turbine is about 1000 tons. 

Shop work was carried out in the English system of measure- 
ments but drawings were supplied for field use in both the En- 
glish and metric systems. 

An enlarged sectional view through the turbine is shown 
in Fig. 1. A cross-section through the power house and 
intake is shown in Fig. 2. 


DNIEPROSTROY TURBINE 


SPIRAL CASINGS AND PENSTOCKS 


The inlet diameter of the turbine casings is 25 ft, and the 
transverse width of each casing is about 68 ft. Each casing is 
constructed from about 76 major pieces of steel plate ranging 
in thickness from 11/, to 3/4 in. The sectional areas were pro 
portioned on the basis of a uniform velocity throughout the 
length of the casing. The design was based on a maximum ten- 
sile stress in net sections of 10,000 Ib per sq in. under the maxi- 
mum static head of 113 ft. Riveted lap joints designed for in- 
side calking were used. The rivets have button heads on the 
outside and countersunk oval heads on the inside. To facili- 
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The top half of the penstocks and casings were given an elas- 
tic covering to allow them to expand and contract under the 
varying conditions of hydraulic loading. The covering was 
omitted on the oval sections of the casing at the small end. 
This covered portion was first given one coat of red lead and one 
of a bitumastic compound. The first layer was of */¢in. cor- 
rugated asbestos composition which was overlaid with asphalt 
roofing and then covered with roofing pitch to protect the main 
covering from grout when pouring concrete. 

During field erection each casing was supported on 18 jacks 
resting on concrete piers and on 21 pipe shores resting on steel 

wedges. These auxil- 
iary parts were left in 





place and concreted in 











with the casing. To 
prevent the casing 
from floating when 
pouring concrete, 20 
Z-shaped holding- 
down straps were 
riveted to the bottom 
of each casing, con- 














creted in, and allowed 


























































































to set before the main 

AIM. EL TUB lifts were poured. The 

fi ae interior of the casing 

iain was elaborately braced 

549. with timber shores to 
mimate prevent deformation. 

W% DRAFT TUBES 

Each draft tube is of 

the elbow type with 

one central pier in the 

‘eed horizontal leg. The 

top diameter is 19 ft 2 

FIG. 2 SECTION THROUGH DNIEPROSTROY POWER HOUSE in. Two discharge 


tate construction a portion of the small end of the casing was 
made larger than necessary. A baffle plate welded in after 
field assembly gave the proper net cross-sectional area and the 
space between it and the body casing was filled with concrete. 

Each plate was developed in the drawing room to one-eighth 
size for ordering material and for providing offsets to the shop 
for laying out and shearing to the necessary curved edges. 
After shearing and rolling to templets, each plate was cold 
pressed between dies on a hydraulic press to form smooth con- 
tinuous curves with the adjacent plates in order to produce a 
good water passage. After shop fitting to the adjacent plates, 
the plates were assembled on the speed ring under shipway and 
gantry cranes and the rivet holes were reamed. Certain plates 
near the junction of the small and large ends of the casing were 
hot formed to templets taken from work. In assembling the 
casing it was found necessary to brace the speed ring with ad- 
justable tie rods diametrically disposed to prevent distortion 
by the heavy plates. 

About 75 ft of riveted-steel-plate penstock, 25 ft in diameter, 
including an elbow of about 45 deg, was furnished with each 
unit. The upper part of each penstock is of reinforced con- 
crete. A diaphragm-type expansion joint was provided in each 
steel penstock at the expansion joint between the power house 
and intake structures. 

Casings and penstocks were shipped completely knocked 
down. About 20,000 1!/s- and 1!/,-in. rivets were used in each 
unit. Fig. 3 shows an assembly of one casing under a shipway 
crane at the manufacturer's shops. 


openings are each 
about 27 ft wide by 20 ft high. The tube is lined with steel 
plate to a point 17.75 ft below the centerline of the turbine 
distributor. It is greatly flattened and widened as it approaches 
the elbow where its depth is only about half the top diameter. 
The width at this point is about three times the top diameter. 
Sectional areas are proportioned so that no attempt is made to 
reduce the velocity in the short elbow section. 

No manhole is provided in the draft tube as sufficient room is 
not available above normal tail-water level. Openings be- 
tween the wicket gates and runner vanes are ample for access to 
the under side of the runner. Tail-water level frequently rises 
as high as the center line of the casing. Because of this it is 
usually necessary to insert the draft-tube stop logs and pump 
out the draft tube and casing for inspection purposes. The 
casing is drained into the draft tube through a 20-in. steel drain 
pipe with gate valve. 

The draft-tube liner is constructed of !/2-in. steel plate rein- 
forced with angles and Z-bars. 


FOUNDATION AND SPEED RINGS 


A separate foundation ring of cast iron in halves was used 
instead of extending the speed ring down to the draft-tube liner 
Each foundation ring was provided with twelve 2!/;-in. level 
ing screws and the same number of foundation bolts for accu 
rately holding the ring in place while erecting the speed ring 
and casing. This ring acts as a spacer between the draft-tube 
liner and speed ring and carries the weight of the runner and 
shaft when these parts are disconnected from the generator. 
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The speed ring is of cast steel and of 
customary construction. It is 27 ft in 
diameter across the vanes and is made 
in quarters to facilitate handling. It 
is partly triple and partly quadruple 
lap-riveted to the spiral casing plates 
The speed ring is provided with twelve 
stay vanes, one-half the number of 
wicket gates, each with a cross-sec- 
tional area of 150 sq in. The tensile 
stress on the vanes opposite the large 
end of the casing is estimated to be 
10,500 Ib per sq in. under full head 
with 50 per cent pressure rise. The 
radial joints were grooved and gunned 
with red-lead putty to make them 
water-tight. The surface for receiv 
ing the crown plate was also grooved 
and provided with a °*/s-in. round 
rubber sealing cord. 


CROWN AND CURB PLATES 


The crown and curb plates are each 
made in halves of cast iron of high 
tensile strength. Their surfaces op- 
posite the wicket gates and periphery 
of the runner are provided with cast- 
steel wearing plates. A separate cast-iron upper extension of 
the crown plate, which is constructed in halves, carries the 
main-shaft bearing and serves as a guide for the gate-operating 
ring. 

The crown plate is provided with two bronze-bushed bearings 
for each wicket gate stem, the lower bearing incorporating a 
stuffing box to reduce leakage. Leakage from these stuffing 
boxes, together with leakage from the main-shaft stuffing box, 
accumulates in the outer part of the crown plate from which 
space it is drained by two 3-in. connections through the crown 
plate to the space above the runner where there is always a 
vacuum except during periods when the tail water is extremely 
high. 

A large ejector operated continuously by penstock pressure is 
also installed as an auxiliary means of draining the leakage 
water. The ejector suction is provided with a check valve to 
prevent water backing into the turbine pit in case the pressure 
supply should become clogged. 

The crown plate forms two seals at the crown of the runner, 
with a baffle plate between, arranged to reduce to a minimum 
the hydraulic thrust on top of the runner. The runner crown 
leakage passes inward and downward to the center of the draft 
tube through cored holes in the runner hub and runner cap. 

The one gate-stem bearing for each gate in the curb plate is 
greased through a central hole and pipe extending through the 
gate from the top end of the stem. 


PIT LINERS 


Each pit liner is 24 ft in diameter inside and about 8 ft high. 
The liners are constructed entirely of steel plate and structural 
shapes with three vertical double-riveted butt joints and are 
provided with two pockets arranged as a foundation for the 
servo motors. The servo-motor reactions are carried into the 
concrete, directly in compression, and in tension through 
eight 1'/;-in. foundation bolts extending well back into the 
concrete. The bolts were designed for prestretching from the 
inside of the liner after concreting and before installing the 
servo motors. This arrangement has proved rigid and satis- 
factory 1n operation. 
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FIG. 3 ASSEMBLY OF A TURBINE CASING FOR DNIEPROSTROY 


RUNNERS 


The large cast-steel runners presented the greatest problem in 
sectionalization for shipment and in securing adequate sections 
to carry the large centrifugal forces and torque involved. The 
design adopted consists of six major parts; three vane sections 
each with five vanes, a central hub section, and two main 
shrink bands. An additional wearing band, constructed from 
steel bars with welded joints, is shrunk on opposite the curb 


plate. The vane-section castings weighed about 80,000 lb 
each. The total finished weight of each runner is about 140 
tons. 


The central hub section is 9 ft in diameter and is arranged for 
a taper fit on the lower end of the main shaft. It is fastened to 
the vane sections with eighteen 5-in. studs but the torque is 
carried by eighteen 5-in. dowels. Studs were shop driven, 
using a pulley, rope, and crane. 

In addition to being bolted to the hub section, the vane sec- 
tions are held together at the crown by means of a solid, angle- 
shaped, cast-steel shrink band at the periphery. 
is also bolted to the vane sections. 

The principal centrifugal forces occur at the lower band where 
they are carried by a solid cast-steel shrink band 19 ft 101/2 in. 
in diameter, weighing about 35,000 lb. The shrink fits were 
tapered 1/4 in. per ft on diameter so that the band could be 
tried on in the shop to check accurately the shrinkage allow- 
ance. This band is not bolted or doweled to the vane section 
of the runner. The estimated stresses in the shrink band and 
inner sectional band are as given in Table ] 


This ring 


TABLE 1 


Tension in 
shrink band, 
Ib per sq in. 


Compression in 
inner band, 
lb per sq in. 

Static... 


wer 10300 9350 
Normal speed. 11750 7950 
Runaway speed 14550 5150 


The runner was temporarily checked for static balance in the 
shop and after assembly in the field was finally balanced in an 
upright position. The equipment for balancing the runner in- 











FIG. 4 CORE BOX FOR RUNNER-VANE SECTIONS 


cluded a center casting at the hub bore with a hardened-steel 
center and a 5-in.-diameter spherical point located slightly 
above the center of gravity of the runner. The center rested 
on a hardened steel plate supported by blocking from the floor. 
This method of checking the balance proved to be sensitive to 
about one pound at the band diameter. Balance was obtained 
by eccentrically turning certain portions of the vane sections 
of the runner. The maximum amount of metal to be removed 
for balance was about 2000 lb, or 0.7 per cent 
of the runner weight. Field balance, after final 
assembly and after removing temporary bolting 
lugs, was accomplished by chipping. 

Static radial clearances of 1/g in. at the hub 
periphery and 5/32 in. at the band periphery 
were provided. These are reduced slightly with 
the runner rotating at normal speed. 

Fig. 4 shows the corebox for the runner-vane 
sections. This box is about 12 ft high and con- 
tains more than 10,000 fbm of lumber. It was 
substantially built as 162 cores had to be made 
from it. The runner lines were developed full 
size on zinc sheets from the model lines. 

Fig. 5 is a shop view of a runner partly as- 
sembled. The temporary bolting lugs may be 
seen at the joints. 


MAIN BEARING 


The one main turbine bearing per unit is of 
the babbitted type, 431/2 in. bore by 54 in. 
high. Oil is normally supplied by a gear pump, 
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belt driven from the main shaft. A standby 
motor-driven pump is available for use when 
starting up the unit and it is arranged to start 
up automatically by float switch in case the 
belt-driven pump should fail. The oil sump 
occupies a sector of the drain pan under the 
main-bearing housing. The pumps discharge 
into a reservoir and float chamber in the bear- 
ing cover. The oil then flows by gravity into 
an annular space between the shaft and a lip on 
the bearing shell, and then through the bearing 
clearance to the bottom of the bearing where 
it is collected and drained to the sump. Either 
pump supplies more oil than is required and the 
surplus returns to the sump through cored 
openings in the bearing housing. The entire 
lubricating system is located in and around the 
bearing housing. 

The bearing was originally provided with a 
total clearance of 0.025 in. which proved to be 
too much, allowing the shaft to swing exces- 
sively at certain gate openings. The clearance 
was later reduced to 0.016 in. In the summer 
the bearing temperature runs about 126F. No 
artificial cooling is employed except that the 
oil sump is partially in contact with water above 
the runner. 

The main-shaft stuffing box below the bearing 
is packed with four rings of 11/4-in. square as- 
bestos packing impregnated with graphite and 
oil. Some trouble was experienced with rotat- 
ing packing, particularly before the bearing 
clearance was reduced. The customary lantern 
ring was removed and a similar but heavier ring 
placed at the bottom of the packing box. 
Water is supplied to this ring through two 
one-inch connections. Water is also supplied at two points at 
the top between the gland and shaft. A grease connection was 
provided but is not used, as grease increased the tendency of 
the packing to rotate. 


MAIN SHAFTS 


The turbine shafts have a nominal diameter of 41 in. with an 
8-in. bore. Flanged couplings for connection to the generator 





FIG. 5 PARTIAL SHOP ASSEMBLY OF RUNNER 
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shafts are 70 in. indiameter. It was considered 
better to use large shafts of ordinary forged 
steel with low stresses and greater rigidity 
than smaller shafts of higher tensile strength. 

A forged-steel sleeve is shrunk on each shaft 
opposite its main bearing. This is not usually 
considered necessary with a babbitted bearing 
but in this case the investment in the shaft was 
rather large and the sleeve was provided for re- 
newal in case the journal became pitted. 

A hard-bronze sleeve was shrunk on and 
pinned to the shaft opposite the stuffing box. 
The asbestos packing has not caused the sleeves 
to wear appreciably. 

Turbine shafts for five units, the number of 
generators built in the United States, were 
coupled to the generator shafts in the shop 
and checked in a lathe for alignment. This 
assembly was 57'/2 ft long and weighed about 
125 tons. 

Each shaft is secured to the runner hub by a 24-in. nut, 40 in. 
outside diameter, as well as by the customary split keeper ring. 
The use of a nut was convenient in this case because of the sepa- 
rate hub which was assembled on the shaft before bolting to the 
runner-vane sections. Ordinarily, the runner vanes interfere 
with the effective use of a wrench 

Two keys, 41/2 by 61/2 by 50!/2 in., 180 deg apart, were also 
used in connecting the hub to the taper fit on the shaft. The 
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FIG. 6 DNIEPROSTROY POWER HOUSE AND DAM DURING ERECTION 
OF FIRST FOUR TURBINES 
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INTERIOR OF DNIEPROSTROY POWER HOUSE 


hub and shaft assembly was made in the shop, the hub being 
slightly warmed before placing it in position. 


WICKET GATES AND MECHANISM 


The wicket gates and operating mechanism are, in general, 
of customary construction, operated by two servo motors with 
oil at 200 lb pressure. Each tutbine has 24 cast-steel gates 
with integral stems, 78 in. high between distributor plates. 
A total shop clearance of 0.030 in. was provided at the ends of 
the gates. As expected, this clearance reduced to about half the 
shop clearance when the complete units were erected and ready 
for operation. The superimposed weight caused this to occur. 

Each gate link is provided with a cast-iron safety stud in 
tension when closing the gates. Alternate links, connecting 
gates opposite speed-ring vanes, are similarly provided with 
safety studs in tension when opening the gates, while those in 
between are provided with much stronger steel bolts. This 
arrangement prevents damage to the adjacent link when one 
stud breaks. 

The operating rings are of steel cast in one piece. The servo 
motors are of the truncated-piston type, the pistons being 
provided with tubular extensions through the stuffing boxes. 
One cylinder is provided with a yoke extension which cooper- 
ates with a nut on the connecting rod and a removable horseshoe 
collar to lock the gates in the closed position. The combined 
displacement of the cylinders is 107.8 gal giving a capacity of 
about 415,000 ft-lb at 200 lb pressure. The maximum differen- 
tial piston pressure occurs at about five-tenths gate and was 
found to be about 140 lb at 118.5-ft head when opening the 
gates. The gates are balanced near the speed-no-load position. 

The gate mechanism is provided with individual grease 
fittings. 


GOVERNOR EQUIPMENT 


The governors are of the oil-pressure, relay-valve, actuator 
type, with 7-in. pipe connections. Inter-connected unit-pres- 
sure systems were adopted, each consisting of two 300-gpm 
double-helical-gear pumps, welded-steel pressure tank, and 
riveted-steel sump tank. One pump runs continuously, un- 
loading to the sump tank when the pressure is above 180 lb. 
The other pump is used as a standby and is arranged to start 
up only in case the service pump should fail and the system 
pressure drop below about 170 lb. Each pump is directly con- 
nected to a 60-hp, 2300-volt, 50-cycle, 720-rpm motor supplied 
from the auxiliary generator on the main-generator shaft. 

The actuators and pumps were supplied by the Woodward 
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Governor Company. The actuator fly-balls are motor driven 
by connection through transformers to the main-generator 
leads. The governor relay valves are set for a full closing 
stroke in about 4 sec. The speed rise at different loadings ob- 
tained on test by tripping the main circuit breakers was as 
given in Table 2. 


TABLE 2 


80000 60000 40000 20000 8000 
13.9 9.1 pe ae 4§.3 


Load dropped, hp.... 
Speed rise, per cent... 


The low values of speed rise obtained are principally due to 
the large value of WR-square. The total WR-square of the 
entire rotor is about 178,000,000 ft*-Ib. 


FIELD ERECTION 


The turbines were erected and placed in operation under the 
direction of four erecting supervisors from the manufacturer's 
shops. These men served in an advisory capacity and approved 
each stage of the work as it was finished. The erection was also 
under the inspection of the consulting engineering firm of Hugh 
L. Cooper & Co., Inc. The work was carried on with Soviet 
labor under the direction of Soviet engineers and supervisors. 
Erection of turbines was started in 1929 and completed in 
1932. This required almost continuous work, 24 hours per 
day, without interruption for rest days or holidays. The erec- 
tion was interrupted only during the record flood of 835,000 
cts in 1931. 

Fig. 6 is a view of the power house and dam during erection 
of the first four turbines. Fig. 7 shows an interior view of the 
power house after completion. 


MODEL AND FIELD TESTS 


A 40-in. discharge diameter runner model with a conical 
draft tube was tested at Holyoke in 1926, sometime before 
the contract was awarded. This model gave an efficiency of 
about 93.0 per cent at the peripheral coefficient corresponding 
to normal head in the field. 

Before construction was started a 17-in. discharge diameter 
runner model was tested in the manufacturer's laboratory 
with a model of the elbow draft tube. This model gave a 
maximum efficiency of about 87.9 per cent under a net head of 
about 9.0 ft 

Complete field-test results are not available. Two units 
have been tested, the water being measured by the Gibson 
method, supplemented by the current-meter method. Avail- 
able preliminary results on one unit tested by the Gibson 
method indicate an efficiency of about 91.5 per cent, based on 
net head. The tests were made over two years after the tur- 
bines had been"placed in operation, because the normal head 
could not be obtained earlier, due to the continuation of con- 
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struction work. Fig. 8 shows a group of Soviet engineers who 
participated in the field tests. 


OPERATION 


The admission of air through two 3-in. connections on the 
crown plate proved beneficial in increasing the efficiency below 
about five-tenths gate. The discharge and gate opening re- 
quired to operate the unit at speed no load was found to be de- 
creased about 15 per cent by the admission of air. These air 
valves are open at all gate positions. Above six-tenths gate 
the vacuum under the crown plate decreases so that the quan- 
tity of air admitted is automatically reduced. Without the 
admission of air an extremely bumpy operating condition oc- 
curred at about 60 per cent gate, the exact gate opening varying 
somewhat with the head but apparently occurring always at 
about the same discharge. Carefully made laboratory tests 
indicate the effect of the air on the efficiency at this load to 
be about 0.5 to 0.75 per cent. Differences of this order are dif 
ficult to measure accurately in field tests. The maximum ef 
ficiency occurs at about 75 per cent gate opening and at an out 
put of about 85,000 hp which is close to the designed rated 
load. 

The existence of a tendency toward bumpy operation at cer 
tain gate openings below the point of maximum efficiency prob 
ably occurs in all fixed-vane turbines having either Francis o1 
propeller-type runners. The condition seems to originate with 
unstable flow at gate openings where the water must of neces 
sity whirl with the rotation of the runner. It seems to increase 
with unit dimensions possibly because the relative masses of 
structures are less with larger units. The admission of air to 
correct the condition is not new. Laboratory observations 
through glass windows in the draft tube show a wobbling vor 
tex or void space at the center, rotating with the runner, with 
its speed relative to the runner varying with the gate opening 
and peripheral coefficient. 

The turbines operated for a period at small gate openings 
and at reduced heads which produced a slight amount of pit- 
ting on the hub of the runners near the discharge edge of the 
vanes. 


CONCLUSION 


At present all nine turbines are installed. Six units have 
been placed in operation. The other three units will be started 
as the generators are completed in Russia and as the load de- 
mand builds up. Four units are now operated to develop 
about 200,000 kw for two systems. The power is used in steel 
furnaces and for smelting aluminum silicate as well as for other 
metallurgical work and for general industrial applications. 
The load is building up rapidly and it is expected that the regu- 
lated river flow will be utilized in the near future. 





FIG. 8 GROUP OF SOVIET ENGINEERS WHO PARTICIPATED IN THB FIELD TESTS 


The PLVOTED-MOTOR DRIVE 


Its Theory and Design, and a Graphic Method of Solution 


By ROBERT R. TATNALL 


E. RHOADS & SONS, PHILADELPHIA, PA. 


HE most recent solution of the problem of the short- 
center drive is furnished by the pivoted-motor base in 
combination with a flat leather belt. In this device the 
motor is rigidly bolted to a pair of cast-iron or steel arms, which 
thus become essentially a part of the motor frame. Each arm 
carries a bearing, and through these a pivot shaft passes. The 
pivot is horizontally mounted in a cast-iron or steel base, and 
adjustments are provided for lining up the belt laterally and for 
taking up belt stretch. The motor as a whole is free to swing 
around the pivot, its weight being supported partly by the 
pivot and partly by the belt. This arrangement makes it pos- 
sible to utilize the weight of the motor as a means of applying 
tension to the belt. An adjustment in the arms allows the 
motor to be moved toward or away from the pivot, thus regu- 
lating the lever arm of the motor weight and giving a wide 
choice of belt tensions. 


I—THEORY OF THE PIVOTED-MOTOR DRIVE 


By a simple application of fundamental dynamics, the ten- 
sions in the two belt strands of a pivoted-motor drive may be 
obtained when the motor weight, the belt speed, and the geome- 
try of the layout are known. 

Conversely, it is not difficult to calculate for a given drive 
how far behind the motor shaft the pivot must be placed, in 
order that the ratio of the tensions shall have a predetermined 
value. 

The rotor and stator of the motor, including the two base- 
arms, constitute a dynamical system which is in rotational 
equilibrium about any horizontal axis. A mathematical state- 
ment that such 
equilibrium exists 
is to be obtained by 
equating to zero 
the sum of the mo- 
ments about such 
axis, of all the ex- 
ternal forces acting 
on the system. 

Aside from wind 
resistance, there are 
four external forces 
acting on the motor system of Fig. 1. These are the force of 
gravity W, the tight- and slack-side belt tensions T; and Th», 
and the force Z exerted by the pivot. The magnitude and direc- 
tion of Z are unknown. W acts through the center of gravity 
of the system, which with small error may be assumed to lie 
in a vertical line through the center of the motor shaft. 


mn 




















FIG. l 


EXTERNAL FORCES ON A BELTED 
PIVOTED MOTOR 


CALCULATION OF THE BELT TENSIONS 


To determine the unknown tensions T, and T; two relations 
between them are required. Taking moments about the pivot 
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Q, in order to eliminate the unknown moment of Z, calling 
a, b, and ¢ the lever arms about the pivot of Ti, Tz, and W, re- 
spectively, and regarding counter-clockwise moments as posi- 
tive 


al, + bT2 — eW = 0 Ceoccccrerecccses [1] 


A second relation between the tensions is supplied by the 
fact that the transmitted load is proportional to the product of 
tension difference and belt speed, as expressed by 








Ry Oe Oe Os cascceandaenscesees [2] 
in which 
P = load transmitted in horsepower 
= 23:00 X 12 = 126,000 _ 33,000 
Ndx Nd belt speed in fpm 
N = motor speed, rpm 
d = diameter of motor pulley, in. 


From Equations [1] and-[2] the two belt tensions in terms of 
motor weight, load, speed and the three lever arms are ob- 
tained as follows: 











T; are = oa nail [3] 
T, = pra we faa De wissnion roahads [4] 
And from these 
es a .. (5] 
T/T, = += de whntelil 


UPPER LIMIT OF LOAD 


If we imagine the load to be increased until it reaches the 
value P = eW/ak, so that eW — akP = 0, then T; = Oand T/T; 
= infinity. This is a theoretical limit to the load which can- 
not be exceeded without changing the assumed arrangement of 
the drive. Indeed, excessive slip will occur considerably below 
this point, and experiment has shown that the practical limit 
of load is reached at somewhere near 75 per cent of the theoreti- 
cal maximum. 


VARIATION OF TENSIONS WITH LOAD 


Putting P = O in Equations [3] and [4], T, = Tz: = 
eW/(a + b), which gives the stationary or idling tension in 
either belt strand. The second terms give the changes in ten- 
sion (increase or decrease as the case may be), caused by apply- 
ing a load of P horsepower. These terms involve also the belt 
speed, introduced by the factor k. 

If a4 and b are positive, and the speed is constant, the equa- 
tions show that any increase in the load will cause an increase 
in the tension of the tight strand and a decrease in that of the 
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slack strand. In the usual fixed-center drive this always hap- 
pens. In the pivoted-motor drive it usually happens, but not 
always, since there are cases in which a or b may be negative. 

The form of Equations [2], [3], [4], and [5] shows that if 
a, b, and k remain constant, each of the quantities T;, T:, T; + 
T>, and T; — T? isa linear function of the load P. If these quan- 
tities are plotted against the load, their graphs will therefore 
all be straight lines, having slopes equal in each case to the 
coefficient of P, so that 


Slope of T; 
Slope of T, = 
Slope of T; + T2 
Slope of T; —_ T2 


These slopes involve only a, }, and k; k is always positive and 
is here assumed to be constant, which, while not usually 
strictly true, is nearly enough so for the present purpose; and 
a and b are positive when the pivot lies outside the angle be- 
tween the belt strands. If, however, the pivot lies between the 
strands, either a or is negative, accordingly as the lower strand 
is the tight or the slack one, because of the reversal of sign of 
the corresponding moment. 

In general: When the pivot lies outside the belt strands, so 
that a and 4 are both positive 


bk/(a + b) 
—ak/(a + b) 

(b — a)k/(a + 5) 
Ah 


Slope of T; is + and T; increases with the load 

Slope of T; is — and T, decreases with the load 

Slope of T; + T2 is + ifb > a; i.e., tight strand next to pivot; 
and — if b < a; i.e., slack strand next to pivot. 


When the pivot lies inside the belt angle 


If bis — and < a, (T; above), slopes of T; and T: are both 
If 4 is — and < b, (T; below), slopes of T; and T; are both +. 


Thus in certain cases the sum of the tensions, and hence the 
bearing pressure, will decrease with increasing load. 

The explanation of this apparent anomaly will appear from 
Fig.2,in which the belt pulls 
T; and Ts are drawn from 
their meeting point A, the 
tight strand in this case 
being above. Since Tj; is 
greater than T», their result- 
ant R necessarily passes above 
the center of the motor pulley 
O. The moments of T; and 
T; about the pivot Q may 
be replaced by the moment of 
This has the value RC, and it is equal and op- 
posite to eW, the moment of motor weight, since there are 
no other moments. At zero load, T; and T2 are equal, and their 
resultant R’ passes through 0. RC and R’C’ are each equal 
and opposite to the constant moment eW. Hence RC = R’C’, 
and since C is greater than C’, R must be less than R’, or the 
bearing pressure is less when the motor is loaded than when it 
is idling. 


Se 





their resultant. 


EFFECT OF MUTUAL TORQUE BETWEEN ROTOR AND STATOR 


The effect of reduced belt tension when the tight strand is 
on the far side from the pivot may also be considered from an- 
other point of view. The so-called ‘‘torque reaction’’ of the 
motor, as affecting pivoted-motor drives, has been much dis- 
cussed, and not always with full understanding, so that it 
may be well to consider briefly its bearing on the problem. 

Imagine a motor hung like a pendulum, with its shaft hori- 
zontal, and at first let it be not belted or otherwise loaded. 
Let the current be switched on so as to cause an initial accelera- 
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tion, say in a clockwise sense. The counter-clockwise reaction 
of the stator will then exert at the point of suspension an in- 
stantaneous force toward the left. The system will therefore 
experience an external force applied at the point of suspension 
and directed toward the right, as a result of which the center 
of gravity of the motor will start to move toward the right. 
Hence there will be an initial counter-clockwise rotation of 
the motor as a whole, about the point of suspension. This 
is purely an effect of acceleration. As constant speed is 
approached, the deflection will drop to its initial or zero 
position. 

In order to maintain a constant deflection it would be neces- 
sary to apply a constant external torque to the motor system, as, 
for example, by attaching fan blades to the motor shaft. At 
constant speed the system would then assume a constant deflec- 
tion such as to bring about equilibrium between the torque due 
to air resistance and the 
gravitational moment 
due to weight. 

Passing now to the 
belted motor, the fan 
torque is replaced by 
the torque due to ten- 
sion difference in the 
belt strands. As a re- 
sult of motor torque, a 
twofold effect is pro- 
duced: First, a tension 
difference due to the 
torque of the rotor, and 
second an overall ten- 
sion, which may be at- 
tributed to the reaction 
of the stator, and which 
is an increase when the 
tight strand is next the pivot, and a decrease when it is on the 
far side. 

But—and this is important—having, in the derivation of 
formulas for the tensions, introduced the motor torque in terms 
of horsepower and speed as by the factors P and k in Equations 
[3] and [4], the motor torque itself must then be forgot, and 
is now represented by the changes in tension which it has pro 
duced and which would not exist without it. 

We are thus brought back to one of the fundamental concepts 
of dynamics, D’Alembert’s principle, according to which a 
system is in equilibrium as to translation or rotation when the 
algebraic sum of all the externally applied forces or moments of 
force is zero. In other words, internal actions and reactions 
cannot affect the condition of equilibrium of the system as a 
whole. Such a condition of equilibrium is Equation [1] upon 
which the present formulas for computing belt tensions are 
founded. 

If experimental confirmation is required of the validity of 
the belt tensions given by Equations [3] and [4], it is furnished 
by the curves of Fig. 3, obtained by means of the belt-testing 
machine. In these experiments a 25-hp motor was weighed 
and was then mounted on a pivoted base and used to drive 
the prony brake of the testing machine. In this machine 
the brake carriage is mounted on wheels traveling on rails and 
the belt pull on the pulley of the prony brake is transmitted by 
a steel cable to a platform scale. The loads transmitted were 
measured by the brake, while the tension scale gave the corre- 
sponding horizontal components of the total belt pull. The 
crosses on the curves indicate points thus obtained experi 
mentally, while the circles are points computed by means ot 
Equations [2], [3], and [4]. 
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FIG. 3 EXPERIMENTAL CHECK ON 
THE CALCULATED TENSIONS 
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The tension ratio is 


eW + bkP 


Os ee Se 
Ce a (6] 


Evidently this is mot a linear function of P. Calling T/T; = 
y and P = x, Equation [6] takes the form 


akxy + okx —eWy + eW=0......... (7] 


which is the equation of a rectangular hyperbola whose 
asymptotes are the straight lines parallel to the axes 


x = eW/akand y = —b/a 


DESIGN OF PIVOTED-MOTOR DRIVE 


The most direct approach to the problem of design appears 
to be through the tension ratio. Following this plan, the 
design of a particular drive to insure satisfactory performance 
under the given conditions will consist of two steps: First, 
a suitable value for the tension ratio must be decided upon. 
This will depend on the coefficient of friction between belt and 
pulley and on the contact angle on the smaller pulley. The 
second step is to calculate what position of the pivot with re- 
spect to the motor will produce the desired tension ratio. 


CHOICE OF TENSION RATIO 


The tension difference T; — T> being fixed by the given horse- 
power and belt speed, it follows that a low value of T/T? cor- 
responds to a high total tension, accompanied by good fric- 
tional grip of the belt on the pulleys, but with the danger, when 
carried too far, of shortened belt life and burned-out bearings. 
On the other hand, as T;/T? in- 
creases, T2 decreases, and exces- 
sive slippage will eventually take 
place. 

To avoid both of these dangers, 
a suitable value of the tension 
ratio must be found which will 
give safe yet effective tensions. 
Such a choice depends on ex- 
perience rather than theory, and 
is therefore a matter on which 
engineers may be expected to dis- 
agree. From the results of belt 
tests conducted over a period of 
years, together with favorable reports from a considerable num- 
ber of pivoted-motor drives now in operation, the author has 
adopted for his own use the curves of Fig. 4, which apply to 
paper motor pulleys. 




















Contact Angle 


FIG. 4 TENSION-RATIO IN 
TERMS OF CONTACT ANGLE 


CALCULATION OF POSITION OF PIVOT 


We have now to determine what horizontal distance between 
the pivot and the motor shaft will give the tension ratio de- 
sired. This will depend on the maximum load to be transmit- 
ted, the motor weight, belt speed, and general drive layout. 

Designate by ¢ this required pivot distance or overhang, and 
let 


R = value of tension ratio to be used 

W = weight of motor 

N = motor speed at full load 

P = maximum load to be transmitted. (A safe value for 
peak starting load will usually be obtained by multi- 
plying the name-plate rating by 1.5 if the motor is 
compensator started, and by 2.5 if started across the 
line.) 

D = diameter of driven pulley 
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d = diameter of motor pulley 
r = d/2 = radius of motor pulley 
hk = height of motor shaft above pivot (obtained from di- 
mension sheets of motors and pivoted-motor bases) 
k = 126,000/Nd 
m = angle of slant of tight strand of belt 
n = angle of slant of slack strand of belt 
x = horizontal distance motor shaft to driven shaft 
y = height of driven shaft above motor shaft (negative 
when driven shaft is below motor shaft) 
C = center distance between shafts 


Equation [6] may be written in the form 


- _ CW/kP) + 5 
R = T,/T, = CW/kP)—a Eeeiao ed keen [6] 
This gives 
Ra + 6b = (R—DWeW/kP.............. [8] 


From Fig. 5 it appears that the lever arms of the belt pulls 
about the pivot are 


a=hcosm+esinm—r 
b=hcos n+esin n+r 


in which r has a positive value when the tight strand is on the 
pivot side of the pulley, and negative when the slack strand is 
on the pivot side. 

Substituting these values of a and 4 in Equation [8] 


eR — 1)W/kP = R(h cosm—r)+ Resinm+hcosn 
+esinn+pr 
Finally, solving this for ¢ 
h(R cos m+ cos n) —(R—1)r 


” (R—1W/kP—Rsinm—sinn’*”’ 





Equation [10] is the working formula for e. In using it, 
the following conventions regarding signs must be adhered to: 

Give r a positive value when T, is on the pivot side of the 
pulley and negative when T> is on the pivot side. 

Give h a negative value if the pivot is higher than the motor 
shaft, as in wall or ceiling mountings. 

The angles m and m are measured upward from a horizontal 
axis through the motor shaft drawn toward the pivot side. 
If either strand of the belt slopes downward from the motor 
pulley, the corresponding angle is therefore negative. In 
ceiling drives and in vertical drives, cases may occur in which 
some or all of the cosines and sines are negative. 


COMPUTATION OF THE ANGLES # AND 1 


Find A = half the angle between belt strands 
D—d 
2C 
Accordingly, A will be negative when d is greater than D, 
i.e., in ‘‘speed-up’’ drives. 


Also S = 


ll 


sin=! 


angle of slope of center line of shafts 
tan-! y/x = sin=! 9/C. 


S is negative when y is negative. 


Then m = S — A when T; is on pivot side of pulley 
= § + A when T; is on pivot side of pulley 
n = S + Awhen T, is on pivot side of pulley 


S — A when T; is on pivot side of pulley 


If preferred, we may lay out the drive to scale, and measure 
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m and n, instead of computing them. This plan will usually 
be quicker and less liable to error than the computation. 


COMPUTATION OF THE TENSIONS 


Having obtained the value of ¢, we may now compute the 
lever arms of the belt tensions # and b from Equations [9], or 
we may measure them on the scale drawing. The tensions are 
then readily found from Equations [3] and [4]. 

As a check, note that the values of the tensions here found 
should satisfy the relations 


T — T2 = kP 
and 
T,/T; = the value of R originally chosen. 


Illustration. In calculating the pivot distance for a pivoted- 
motor drive using a floor mounting, the following data were 
used: 25-hp compensator-started motor, 865 rpm, weight 
without base 730 lb; height of shaft above feet 11 in.; distance 
of pivot below top surface of arms of pivoted base is 49/1 in.; 
motor pulley 12 in. diameter, driven pulley 45 in. diameter; 
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layout as in Fig. 6 drawn to a scale of one inch to the foot; 
high-capacity belt to be used. The working data are (all 
linear dimensions in inches) 


P = 25 X 1.5 = 37.5 


N = 865 

W = 730 

D = 45 

4@4=12 

r = +6 (positive since T, is on pivot side of pulley) 

b= 11+ 4°%/i6 = 15.6 

C = 48.3 (by measurement on sketch) 
Then 

k = 126,000/(865 X 12) = 12.0 

kP = 450 
W/kP = 1.62 


A = sin~! 33/96.6 = 20 deg 
R = 4.3 by Fig. 4, since a high-capacity belt is to be used. 


With a protractor, from Fig. 6, m = —27 deg and m = 13 deg. 


Hence cos m = 0.890 sin m = —0.450 
cos n = 0.973 sin m = 0.225 


Substituting the above values in Equation [10] 


15.6[4.3(0.890) + 0.973] — 3.3(6) $55.0 
€ = : r = —_— = 
3.3(1.62) — 4.3(—0.450) — 0.225 7.05 





7.8. 


Therefore the tension ratio will be 4.3 if the pivot is placed 
7.8 in. back of the motor shaft. 

The computed value of pivot distance and the calculation of 
the belt tensions may be checked as follows: 


MEcHANICAL ENGINEERING 


Since ¢ = 7.8 in. and 4 = 15.6 in., the pivot in Fig. 6 may be 
located at the point shown. As Fig. 6 is drawn to scale in the 
original, from the diagram 4 = 4.2 in. and 6 = 23.1 in., so that 
a+ 6 = 27.3 in. Hence, eW = 7.8 XK 730 = $700, whence 
eW/(a + 6) = 209, and kP/(a + 5) = 16.5. So that finally, 
from Equations [3] and |4] 


T; = 209 + (16.5 X 23.1) = 209 + 381 = 590 
Tz = 209 — (16.5 X 4.2) = 209 — 69 = 140 


The tight-side tension is therefore 590 lb and the slack-side 
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tension 140 lb. If the load were taken off, the idling tension 
would be 209 Ib in each strand of the belt. 


As a check, T; — T; = 450 = kP 
and T/T: = 4.21, or, practically, 4.3 = R. 
COMPARISON BETWEEN PIVOTED-MOTOR AND FIXED-CENTER DRIVE 


In the short-center drive between fixed centers, the initial 
tension under which the belt is installed is almost never known, 
and is usually the result of guesswork. Even if the tension is 
initially correct, gradual belt stretch at constant load and sud- 
den temporary stretches at peak loads, added to the stretch due 
to centrifugal tension in high-speed belts, will reduce the ten- 
sion of the slack side. This often results in serious slippage. 
When slippage becomes evident, it is the usual practice to 
move the motor far enough back to stop the squeak, with addi- 
tional tension added for good measure, involving the risk of 
ruined bearings and serious injury to the belt. 

On the other hand, the pivoted-motor drive provides a means 
of knowing what the initial tension is, and of adjusting the 
running tension to the load to be carried. At constant load, 
the effect of belt stretch is taken care of by a corresponding 
change in center distance. The stretch of a new belt simply 
results in a gradual drop of the base arms below the level posi- 
tion, and this is easily corrected while the motor is running 

When the load varies, the change in slack-side tension in the 
pivoted-motor drive depends on the position of the pivot. We 
have seen that the slope of T: when plotted against load is 
—ak/(a + 6). Consider a floor mounting, the tight strand 
being below. If the center line of the pivot is below the belt 
strands (@ positive), the slope is negative, and T, decreases 
with load, finally becoming zero at the limiting load. If the 
pivot lies between the belt strands, a is negative, and Ty? in 
creases with load. The pivot may, however, be exactly in 
line with the lower strand, and in this case @ is zero, and T: 
remains constant at all loads. 

An important advantage of the pivoted-motor over the fixed- 
center drive becomes evident in cases where sudden fluctuations 
in belt tension exist as a result of thick or stiff spots in the belt, 
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eccentricity in a pulley, or rapid changes in the load. In the 
pivoted-motor drive, tension peaks are smoothed off by a slight 
oscillation of the motor around the pivot. 


GENERAL CONSIDERATIONS 


It will readily be understood that not all drives are suit- 
able for pivoted-motor installations. Naturally, some of these 
are drives which should not exist in any form. Inquiries re- 
garding changes from fixed-center to pivoted-motor drives in 
order to cure excessive slip frequently reveal belt speeds so low 
as to demand dangerous belt tensions. 

Then there are legitimate drives in which the motor is too 
light in weight to furnish the necessary tension, except by use 
of a pivot distance so great as to be mechanically unworkable. 
Indeed, it is little more than a fortunate accident that motor 
weights are so proportioned to speed and rated horsepower as 
to render the use of pivoted bases a good business proposition. 
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FIG. 7 PIVOT DISTANCE AS A FUNCTION OF SLOPE OF DRIVE 


(10-hp motor, 1750 rpm, 6-in. motor pulley, 24-in. driven pulley, 48 in 
center distance, A = 10.8 deg, T:/T2 = 5.3. Maximum pivot distance 
obtainable with this equipment, 12'/, in.) 


A general reduction of 50 per cent in present motor weights 
would put out of commission most of the successful pivoted- 
motor drives now in use. 

So-called ‘‘top-pull’’ drives require longer pivot dis- 
tances than “‘bottom-pull’’ drives for the same tension- 
ratio. For this reason they are less favorable cases for 
pivoted-motor installations. 

Ceiling drives, and all drives in which the pivot is 
above the motor shaft, are less favorable than similar 
drives from the floor. 

The slope of the line of shaft centers is an important 
factor, as illustrated by the curves in Fig. 7, computed 
for the particular layout there described. Negative slopes 
mean that the motor shaft is higher than the driven 
shaft. 

The discussion suggests certain points which the de- 
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This applies to all types of mountings, whether on floor, wall, 
or ceiling. 

An upward-sloping drive, if not successful, may often be made 
so by raising the motor on a pier, so as to decrease the lever 
arm a. 

Evidently the pivoted-motor drive is not a cure for all ills, nor 
is it advisable in all cases, but it is an exceedingly useful device 
with the great advantage that the engineer can predict in ad- 
vance of installation whether a given design will work or not. 
If it will not, he will be able, in most cases, to decide on a 
satisfactory remedy. 


GRAPHIC METHOD OF DETERMINING PIVOT DISTANCE 


The following graphic solution, suggested by Philip G. 
Rhoads,’ has the advantage of visual presentation, and for 
some persons may prove simpler in practice. 

Using the layout of Fig. 6, the problem, as before, is to find 
what pivot distance will give the desired tension ratio, T;/T:» 
= 4.3, at the peak load of 37.5 hp. The steps are as follows: 

(1) Calculate the two tensions from the expressions 


_ 33,000 X P _ 


T, — Te = kP, and T,/T» = R 


belt speed 
Solve these for the tensions 
T, = kP/(R—1),, T; = RT: 

In the present case, P = 37.5, k = 12.0, R = 4.3, so that T; 
= 140 and T; = 590, as previously found. 

(2) Lay off to scale the tensions T; and T; from D, their 
point of intersection, as in Fig. 8. Construct the parallelo- 
gram of forces, and measure the resultant G = 703. 

(3) Draw a line parallel to W at a distance from it propor- 
tional to G, and a line parallel to G at a distance proportional 
to W, using any convenient scale on the engineer's rule. 

(4) Through B, the intersection of these lines, and A, the 
intersection of G and W, draw the line AB. 

(5) Draw a horizontal line at the known distance 4 below 
the motor shaft. The intersection of this line with AB is the 








signer will do well to keep in mind. Some of these are: 

Avoid low belt speed by proper specification of motor 
speed and pulley diameters. 

Avoid extremely short center distances and high 
pulley ratios, since small contact angles require low ten- 
sion ratios 

Use only high-capacity belts, since the belt tension de- 
manded by the drive varies decidedly with the coefficient 
of friction. 

Whenever possible, the lever arm of the tight strand with 
respect to the pivot should be kept small and less than the lever 
arm of the slack strand. To secure this condition in an exist- 
ing drive may require that the rotation of the motor be re- 
versed or the motor moved to the other side of the driven shaft. 








FIG. 8 GRAPHIC SOLUTION FOR PIVOT POSITION 


required position of the pivot Q. From measurement of Fig. 
8, ¢ = 7.8, as previously obtained by computation. 
(Continued on page 296) 


1 Chief Engineer, J. E. Rhoads & Sons, Wilmington, Del. Jun. 
A.S.M.E. 





SIDE OIL FLOW 
in a 120-DEGREE BEARING 


By GEORGE B. KARELITZ 


COLUMBIA UNIVERSITY, NEW YORK, N. Y. 


XPERIMENTAL confirmation 
of the hydrodynamic theory 
of lubrication has occupied the 

attention of a number of workers in 
this field. The usual procedure has 
been to measure pressures existing in 
the fluid film and the location of the 
journal in the bearing and to compare 
these with the values computed on 
the basis of the theory for the clear- 
ance load, speed, and oil viscosity. 
The recently published paper of 
S. J. Needs,’ where a detailed analysis 
of a 120-degree bearing is given, pre- 
sents an opportunity to compare theory 
and experiment from another view- 
point. It happened that the author 
measured some time ago the amounts 
of oil leaking out of a 120-degree 
bearing for various conditions of load 
and speed. Now, inasmuch as a 
formula and coefficients for the side 
leakage from such a bearing are given 
in Mr. Needs’s paper, a comparison of 
the theoretical and experimental 
values of oil leakage will be of in- FIG. 1 GENERAL VIEW OF LUBRICATION TESTING MACHINE 


1 “Effects of Side Leakage in 120-Degree Centrally Supported Jour- : ; 
nal Bearings,” by S. J. Needs, Trans. "ASME. Geadiee. ee pp. terest. The tests were run with the assistance of S. E. Amos 


721-732. at the Research Laboratories of the Westinghouse Electric and 
Manufacturing Company. 

The bearing-testing machine de- 
scribed in the Transactions of The 
American Society of Mechanical Engi- 
neers, 1926, p. 1190, was used. Figs. 
1 and 2 show the general layout of the 
test. The test journal was 6.000 in. 
in diameter, machined with an ac- 
curacy of 0.0002 in. to 0.0003 in. The 
bearing used was a standard turbine 
bearing of 6 by 12 in. nominal size 
The clearance, as measured, was 0.0094 
in. (average of many determinations 
of bore diameter). Two annular end 
grooves brought the active length of 
the bearing to 9.5 in., symmetrical 
with respect to the center line of the 
bearing. The bearing was relieved at 
the horizontal split for 30 deg, leav 
ing a central bearing of 120 deg. 

The lower half bearing was mounted 
onthe machine. It was assembled on 





FIG. 2 CLOSE-UP OF BEARING IN 
TESTING MACHINE 
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FIG. 3} COMPARISON OF TEST RESULTS AND CALCULATIONS 


(Bearing 6 in. by 9.5 in. active length; 0.0094 in. diametral clearance; 
inlet oil temperature, 35 C.) 


a spherically seated thrust ball bearing. This, combined with 
the loading feature of the machine, gave the bearing perfect 
freedom of adjustment to the journal, and the oil film was 
practically unrestricted. 

The top half of the bearing was removed and replaced by a 
cover of transparent celluloid. The ends of the cover were 
sealed by oil throwers and ends fitted with very close clearance. 
Special dial indicators were mounted on the bearing. The 
difference in readings at rest and when running gave a direct 
measurement of oil-film thickness. 

The temperatures of the bearing were determined by thermo- 
couples opening into the oil film and mounted flush with the 
babbitt surface in small micarta plugs. 

Light machine oil of 225 sec Saybolt at 100 F and 105 sec at 
130 F, specific gravity 0.92, was used for the test. It was 
stored in the upper container (see Fig. 1) and kept at a uniform 
temperature. A heating coil and agitator were installed in 
the container. The oil was fed to the bearing by gravity 
through an insulated pipe. It was admitted into the beveled 
groove. The largest part of the oil was carried into the clear- 
ance by the journal, the excess flowing over into the annular 
grooves. This oil, together with the leakage from the bearing 
sides, was collected into two tin containers mounted on the 
bearing ends (Fig. 2). Celluloid windows allowed visual ob- 
servation. The oil drained into a lower container, supplied 
with a cooling coil and agitator. An excess-capacity transfer 
pump from the lower to upper reservoir kept the levels prac- 
tically constant. 

Runs were made with loads of 1250, 2500, 3750, 5000, 7050, 
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FIG. 4 COMPARISON OF TEST RESULTS AND CALCULATIONS 


(Bearing 6 in. by 9.5 in. active length; 0.0094 in. diametral clearance; 
inlet oil temperature, 50 C.) 


9780, 12,620 lb, or projected-area pressures, respectively, of 22, 
44, 66, 88, 150, 175, 225 lb per sq in. For each load, speeds of 
300, 500, 1000, 1500, and 2000 rpm were run. 

A run for each load and speed was made with an inlet oil 
temperature of 35 and 50C. The test procedure was as follows: 
The machine was run several hours until a steady temperature 
condition was reached. The oil supply valve was then adjusted 
slowly till just enough oil was fed into the bearing to keep the 
bevel groove full without overflow into the annular grooves. 
(Any starving of the bearing could be detected by an increase of 
driving torque.) When thus adjusted, the return oil flow was 
collected into a graduated cylinder, directly giving the side 
leakage from the bearing. 

The observed values of side leakage, together with the ob- 
served thickness of oil film, are plotted in Figs. 3 and 4. They 
are superimposed on the values computed by graphic interpola- 
tion from Table 2 of Needs’s paper.! The observed quantities 
of oil are consistently smaller than the computed; they are 
generally of the same order. The more marked discrepancy in 
the oil-film thickness may be credited to imperfection of experi- 
mental set-up or to viscosity of oil film higher than recorded. 
However, the side leakage should be the same for different vis- 
cosities as shown in Table 2. It is the author's contention that 
part of the oil leakage is carried over by the shaft to the vacuum 
zone of the bearing, sucked into the clearance, and recirculated 
in the bearing. This would explain also the larger divergence 
between computed and observed values of side leakage at 
higher speeds, when the vacuum in the bearing is accentu- 
ated. 








BOILER-STEEL EMBRITTLEMENT 


A Critical Summary of Published Information 


By EVERETT P. PARTRIDGE ann W. C. SCHROEDER 


U. S. 


HE PARTICULAR type of boiler trouble generally char- 

acterized by cracking of the plates and rivets along sub- 

merged riveted seams has been known for many years as 
“caustic embrittlement’’ or simply “‘embrittlement.’’ This 
phenomenon has caused more conflict of viewpoints among 
operating engineers and research investigators than almost any 
other disease to which boilers are subject. Aside from a dis- 
cussion of boiler cracking by Hall in 1930, little, however, has 
been done to correlate the very considerable amount of informa- 
tion bearing on the subject. To supply this deficiency, the 
authors have collected information on record in the scientific 
and technical literature which may be significant in under- 
standing embrittlement. 

In attempting to organize the material in such a way that the 
broad significance of the various investigations would not be 
obscured completely by the details, it has been divided into 
four main parts and a final summary. Since embrittlement in- 
volves a selective chemical attack upon steel, the first part has 
been devoted to a discussion of the chemical reaction between 
steel and water, including the effect of various dissolved salts. 
The extent to which chemical attack in the absence of stress 
affects the mechanical properties of steel is considered in the 
second part of the survey. Since the mechanical properties of 
steel at boiler temperatures are not the same as at room tempera- 
ture, this effect, entirely separate from that of chemical attack, 
is described in the third part. The fourth part is a review of 
the effects of combined chemical attack and mechanical stress 
upon the cracking of steel. The final summary includes sug- 
gestions for further experimental work. 

The present article, which is intended to serve only as an 
abstract of the complete review, lists the conclusions reached 
by the authors from their examination of the more significant 
papers in the various fields just cited. These conclusions are 
subject to modification as further experimental work supplies 
information lacking at present. The review in complete form 
is to appear in Metals and Alloys. 


CHEMICAL FACTORS IN THE ATTACK OF BOILER WATERS UPON STEEL 


Examination of the chemical behavior of unstressed iron 
in water or various solutions, while not adequate in itself to 
explain embrittlement, does provide a necessary background for 
an understanding of the chemical factors in the embrittlement 
process. The considerations which seem most significant may 
be summarized as follows: 
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(1) In the absence of oxygen, water reacts with iron at 
ordinary or elevated temperatures to produce hydrogen and a 
coating of black magnetic oxide (Fe;O,) on the iron surface. 

(2) The oxide coating acts as a mechanical barrier that tends 
to separate the iron from the water and thus to slow down the 
rate of reaction. 

(3) Various substances in solution tend to destroy or 
strengthen the oxide coating, thus affecting the rate of reaction. 
Low concentrations of sodium hydroxide tend to maintain a 
coating with the greatest protective qualities. Increasing 
concentrations of sodium hydroxide, disodium phosphate, 
sodium nitrate, and sodium chloride decrease the protective 
effect, in contrast to sodium sulphate, which apparently tends 
to produce a highly protective coating. 

(4) When several substances are present in solution, the 
net effect may differ from that anticipated from the effects of 
the individual constituents. Thus the protective action of 
sodium sulphate against attack by sodium hydroxide is offset 
by the addition of sodium chloride. 

(5) Any discontinuities in the oxide coating will acceler- 
ate localized chemical attack. 


EFFECT OF CHEMICAL ATTACK UPON THE MECHANICAL PROPERTIES 
OF LOW-CARBON STEEL . 


Because hydrogen is produced inevitably whenever water or 
an aqueous solution comes in contact with steel, particular 
attention has been directed to the brittleness produced in stee! 
by dissolved hydrogen. From a consideration of experimental 
results the following general conclusions are offered: 


(1) The normal solubility of hydrogen in iron over the 
range of boiler temperatures is estimated to be very low. The 
solubility in general increases with temperature and pressure. 

(2) Quantities of hydrogen greatly in excess of the ordinary 
solubility may be absorbed by steel during chemical reaction at 
the surface of the metal, the hydrogen diffusing readily into the 
metal as if it were under an extremely high gas pressure. 

(3) Hydrogen absorbed by steel during chemical reaction 
at the metal surface diffuses out of the steel when the chemical 
reaction ceases. 

(4) The rate of diffusion of hydrogen through steel, both 
into the steel during chemical reaction at the metal surface and 
out from the steel after reaction has stopped, increases with 
temperature. 

(5) Steel which has absorbed hydrogen behaves in a brittle 
manner, the elongation and number of bends required to pro 
duce failure being decreased markedly, although the tensile 
strength is practically unaffected. 

(6) Steel which has been embrittled as a result of the absorp 
tion of hydrogen regains its ductility when the hydrogen is 
removed, but the recovery generally is incomplete. The 
permanent impairment in properties may be due to reaction of 
the hydrogen with some of the minor constituents in the steel 

(7) Only a low concentration of hydrogen in steel, much 
below that which may be produced by chemical reaction, is 
necessary to cause brittleness. 
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(8) Whether or not a specimen of steel will be embrittled 
by an aqueous solution may depend largely upon the degree to 
which the solution removes or prevents the formation of the 
protective coating of oxide on the metal surface. 

(9) Direct inter-granular corrosion of steel by a boiler water 
or its concentrated saline may be possible but has never been 
definitely demonstrated. 

(10) Selective corrosion of steel subjected to repeated or 
reversed stresses may lead to ultimate failure by fatigue. 


MECHANICAL PROPERTIES OF LOW-CARBON STEEL AT BOILER 
TEMPERATURES 


No approach to the embrittlement problem from the view- 
point of chemical attack can afford to neglect the variation in 
properties of steel with change in temperature. In this con- 
nection it should be remembered that: 


(1) The tensile strength of ordinary low-carbon steel is 
greater and the ductility is less at boiler temperatures than at 
room temperature. 

(2) The increased tensile strength, decreased ductility, and 
step-shaped stress-strain curve of low-carbon steel at boiler 
temperatures are results of the same changes in steel respon- 
sible for aging after cold work. 

(3) Any mechanical test of chemical attack upon steel 
should be considered with respect to the properties of the steel 
at the test temperature. 


CRACKING OF LOW-CARBON STEEL UNDER COMBINED CHEMICAL 
ATTACK AND MECHANICAL STRESS 


From the large number of more or less contradictory details 
in the literature, certain important generalizations may be 
derived: 


(1) The cracking of steel subject to chemical attack while 
under stress consistently commences in a region where the local 
stress is greater than the average. 

(2) Anunknown but probably very high local stress is neces- 
sary to initiate cracking. 

(3) The yield point at room temperature is not a funda- 
mental criterion of the stress necessary to cause cracking. 

(4) The time required to break steel in tension while in 
contact with a concentrated solution of sodium hydroxide at an 
elevated temperature is not a direct measure of a rate of chemical 
attack. 

(5) Most steels are subject to embrittlement, although there 
is some question concerning a possible greater resistance in the 
case of non-aging steel. 

(6) When the steel is subjected to repeated stress in con- 
tact with sodium-hydroxide solutions at boiler temperatures, 
both hydrogen embrittlement and corrosion fatigue may play 
important parts in producing failure. 

(7) It may be possible to prevent cracking of boiler metal, 
whether due to hydrogen embrittlement or corrosion fatigue, 
by the maintenance of protective coatings on the steel produced 
by the addition of specific chemicals to the boiler water. 


MECHANISM OF EMBRITTLEMENT FAILURE 


A fundamental distinction must be made between two pos- 
sible ways in which mechanical stress may produce failure in 
conjunction with chemical attack. On one hand, it is possible 
that mechanical stress accelerates a highly localized corrosion. 
On the other hand, it is equally possible that mechanical stress 
simply causes the ultimate cracking of steel previously made 
brittle by the absorption of hydrogen. In the first case, stress 
is essential in producing dangerous chemical attack; in the 
second, the chemical attack leading to a brittle condition is 
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relatively independent of stress, except as the latter may tend 
to break a protective coating on the metal. 

No very definite evidence has been found to support the 
theory of inter-granular corrosion, although the possibility of 
selective attack of this type as a special case of corrosion fatigue 
must be kept in mind. The experimental results used in support 
of the theory of inter-granular corrosion generally may be used 
also in support of the theory of hydrogen embrittlement. 

A thoroughly logical picture of the way in which the failure 
of boiler steel may be caused by hydrogen embrittlement may 
be built up on the basis of the information discussed in this 
report. When a boiler goes into operation its internal surfaces 
immediately are covered with a layer of magnetic oxide. 
Under ordinary conditions this layer forms an almost impassa- 
ble barrier between the boiler water and the steel. As the 
concentration of hydroxide increases, however, the layer be- 
comes progressively less protective, and the reaction between 
the water and the steel increases its rate. This chemical reac- 
tion produces hydrogen, which diffuses into the steel and 
causes a definitely brittle condition, possibly by setting up in- 
ternal stresses at grain boundaries and cleavage planes. 

Although the steel may be rendered very brittle by the absorp- 
tion of hydrogen, no serious permanent damage is done until 
a localized stress at some point reaches a very high value, prob- 
ably well up toward the ultimate strength of the metal. A 
piece of normally ductile steel subjected to a high local stress 
of this sort would yield slightly, automatically reducing the 
local stress by distributing it over a large section of metal. The 
embrittled steel, however, instead of gliding along slip planes 
in the manner of ductile metal, ultimately will crack at the 
point of high local stress. Although the initial failure may be 
only the boundary between two grains in the outermost sur- 
face layer, it represents permanent damage to the steel. The 
high local stress, instead of being reduced in intensity, then may 
be transmitted to the next layer, with the result that the failure 
is eventually repeated here. As long as the concentration of 
hydrogen in the steel is sufficient to maintain it in a brittle 
condition, and as long as the local stress in the outermost sound 
layer of metal is sufficient to cause failure, the process of crack- 
ing will continue. 

In applying this concept to actual conditions in a boiler it 
should be remembered that the stresses in riveted seams are not 
simple tension stresses. Instead they are much more likely 
to include bending stresses in which a certain portion of the 
surface metal is subjected to a stress greatly above the average 
stress on the whole cross-section. Such a condition might 
assist in the process of chemical attack by damaging the pro- 
tective oxide coating, in addition to its purely mechanical 
effect in causing failure of embrittled metal. 

When water alone is in contact with steel, the oxide coating 
so greatly retards the rate of reaction that the hydrogen liber- 
ated is insufficient to produce any marked embrittlement at 
room temperature. It is, however, barely possible that at 
elevated temperatures in a boiler the rate at which hydrogen is 
evolved by an ordinary boiler water would be sufficient to pro- 
duce a noticeable increase in brittleness of the boiler steel. 

The theory that hydrogen embrittlement may be responsible 
for the failure of riveted seams and expanded tube ends, like all 
logical theories, may be proved incorrect by subsequent experi- 
mentation. Careful investigations of its validity by tests under 
boiler conditions is a matter of greatest importance if a rational 
basis for the prevention of embrittlement failures is desired. 


PREVENTION OF EMBRITTLEMENT FAILURE 


As has been noted, the oxide coating inevitably formed on 
the steel surfaces of a boiler in contact with water normally pro- 
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tects the metal from further reaction to produce hydrogen, ex- 
cept at a very slow rate. If, however, conditions allow the 
concentration of an alkaline boiler water in riveted seams, the 
protective effect of the oxide coating in these seams ultimately 
will be affected, with resultant acceleration of the rate at which 
hydrogen is liberated at the steel surfaces. An increase in 
sodium-chloride concentration presumably will have a similar 
effect. 

Sodium sulphate in solution, even in small quantities, 
at first will tend to maintain the protective layer against the 
action of sodium hydroxide, but as the concentration of the 
latter builds up, particularly if sodium chloride is also present 
in appreciable amounts, the beneficial effect of the sulphate will 
disappear. The rate of attack of the saline solution on the 
metal in the riveted seam therefore will increase as the solution 
concentrates. The process of concentration furthermore will 
tend to be accelerated by the decomposition of water to liber- 
ate hydrogen. Unless some additional factor enters the situa- 
tion, the rate of reaction between water and steel therefore will 
tend to increase indefinitely. If,. however, some other protec- 
tive layer, stable in contact with the saline solution, can 
be deposited upon the steel, the self-accelerating reaction 
between the steel and the solution may be retarded or even 
stopped. 

The new protective layer might be produced on the steel by the 
chemical action of some hypothetical substance added to the 
boiler water, or it might result simply from the precipita- 
tion of a continuous, impervious deposit of some dissolved sub- 
stance such as sodium sulphate or the less soluble constituents 
commonly found in boiler scales. It is perhaps pertinent to 
point out that embrittlement generally has occurred in boilers 
operating with boiler waters distinguished for their freedom 
from scale formation. 

In any case, the prevention of embrittlement failures, in so far 
as it may be accomplished by control of water conditions, must 
depend fundamentally upon maintaining a stable, self-repairing 
coating upon the steel which effectively separates it from con- 
tact with the water. 

An investigation of the behavior of the various coatings 
which might be produced by the addition of specific substances 
to the boiler water is probably the most important step which 
can be taken in the attempt to prevent embrittlement failures 
from the standpoint of boiler-water control. Because of the 
favorable indications from laboratory experiments and the 
increasing use of sodium phosphate as a water-conditioning 
chemical for other purposes, the possibility that this substance 
May assist in Maintaining a stable protective coating demands 
particular attention. 


PROGRAM OF RESEARCH 


In a study of various sodium salts the solubility relations in 
complex solutions have already been determined. The effect 
of solution composition upon cracking of boiler steel is an 
extension of this study with the following immediate ob- 
jectives: 

(1) To determine the lowest concentration of sodium hy- 
droxide which is more effective than water alone in‘ producing 
failure of boiler steel. 

(2) To determine under what conditions sodium sulphate 
is effective in reducing or preventing the attack of boiler-water 
salines upon steel. 

Further extension of the work to include the effect of other 
substances present in boiler waters is contemplated. It is 
hoped that a rational basis for control of boiler-water composi- 
tion to prevent embrittlement failure may result from this in- 
vestigation. 
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The Pivoted-Motor Drive 


(Continued from page 291) 


The work may be checked by measuring ¢ and p. 
We = Gp. 

It is evident that A and B are possible positions of the pivot, 
since each of them is a point about which W and G have equal 
moments. Furthermore, from Equation [10], the locus of the 
pivot is a straight line, since for a given load and speed and 
given value of R, this expression is a linear relation between the 
variables ¢ and hf, all of the other quantities in it being constants. 

If the value of the idling tension is desired, it may be obtained 
by constructing the resultant at zero load, which lies along the 
line joining the shaft centers. Measuring po, the perpendicular 
on this line from Q, fo = 14.5 in the present case. Hence, if 
T, is the tension in each strand at no load, and Go their resultant, 
Go/W = ¢/po = 7.8/14.5, or Go = 393. Resolving this along 
one of the belt strands, Ty) = 210 by measurement. The value 
previously computed is 209. 

Returning to the line AB, the locus of Q, the position of the 
pivot for any specified value of 4 is to be found by drawing a 
horizontal line at distance h below the motor shaft, the inter- 
section of this line with AB being then the pivot position which 
will give the desired tension ratio at the peak load. 

Bases with relatively large values of h operate near the posi- 
tion of Q shown in the figure. Bases with smaller 4 operate 
somewhere about A. Either position will give the desired ten- 
sion ratio at the peak load, but when Q is close to A the tension 
will vary more with the load than when Q is farther from A. 

There are practical limits to the location of Q. Negative 
values of ¢ are obtained when the pivot is above the point A 
on the locus, which means that the motor will fall over toward 
the driven shaft, initially, the idling belt tensions in such cases 
coming out negative, so that they are pushes rather than pulls. 
On the other hand, the maximum value for ¢ is limited by the 
length of the base arms. The designer may guard against over 
loading the bearings by noting the value of the resultant G. 

The broken lines intersecting at A’ in Fig. 8 are the resultant 
and the locus of Q for the case of reversed rotation of the motor, 
in which the tight belt strand is above. 


If correct, 


H. EB. Angell, N.Y. 











FREDERICK WALTON 


FREDERICK WALTON 


Inventor of Machinery for the Manufacture of Linoleum and 
Founder of the Linoleum Industry 


By WILLIAM B. COLEMAN 


BLOOMFIELD, N. J. 


1834, at Sowerby Bridge by the River Calder, England, 

caused only a slight pause in the inventive activities of 
his father, James. His mother, Ann Kenworthy Walton was, 
however, concerned for he appeared to be a small delicate baby. 
Frederick was their second boy, their third child. They were 
to have ten children. 

James had made money, much money, by his invention of a 
machine for frizzing wool. The method of hand frizzing wool, 
so that the fibers on the surface were curled up like little pimples, 
was known only to four or five families of England, one of 
which was the Walton family. James’s father and grandfather 
had been frizzers and cloth drapers. James's conception of a 
machine for doing this work was frowned on by his father; 
he would have none of it; the old way was good enough for 
him. Determined to make such a machine, James left his 
father, obtained capital from friends in nearby Halifax, and 
built a machine which failed. Calm reflection disclosed the 
weakness and the second machine was a success. He was soon 
a moneyed man. 


Tis birth of Frederick Walton on Thursday, March 13, 


This success encouraged other experiments and he made sev- 
eral improvements in cloth-finishing machines. 

Two weeks after Frederick was born his father, James, ap- 
plied for a patent on a new method of making wire cards—a 
patent which was to engage him in a bitter struggle and to cost 
him his fortune. Wire cards are essentially wire brushes 
mounted on a cylinder whose function it is to parallelize the 
fibers in the preliminary stages of the spinning of cotton. 
Frederick's father’s invention consisted of replacing the usual 
leather backing of the wire pins with india-rubber. The dis- 
advantage of the leather was that it became hard and the pins 
would then be broken. James while idly pricking a piece of 
india-rubber with a pin noted the ease of the pin’s action in 
every direction. He realized that this new material, called 
india-rubber, would be vastly superior to the leather used. 
For disclosing this invention King William IV of England 
granted to James Walton his patent protection for a period of 
years. 

Frederick was three years old when his father, in honor of the 
Coronation of Queen Victoria, gave a dinner to all the worthies 
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of Sowerby Bridge, under a 180 by 210 ft tent which he himself 
had designed and erected. 

By the time Frederick was four his father had patented im- 
provements on Dyer’s card-making machine. James's machine 
cut off the wire, bent it into the form of a staple, punctured 
holes in the material to receive it, inserted it in the holes, and 
shaped the wire, at the rate of 240 per minute. ; 

The big spinners at Halifax were not long in helping them- 
selves to the idea embodied in James Walton's patent of using 
rubber as a backing for wire cards. James and his partners 
sued. In a series of court actions lasting nearly four years, 
which was one of the causes célébres of the time, five judges 
upheld the validity of the invention. In June, 1842, when 
Frederick was eight, Lord Denman, on new evidence given 
by Michael Faraday, reversed all the previous decisions. 
Licenses were granted to thirteen firms by the court on the 
condition that they would pay the Queen the cost of the 
trial. James was thoroughly disgusted with the workings of 
justice in England and he resolved never again to take out an- 
other patent. He never did. 

But that was not the end of Frederick's father. All the in- 
justice of the law was soon to be set aside by the inherent pe- 
culiarity of the rubber itself. Under the influence of the heat 
of the carding room it was found that the rubber would, in 
time, soften and that all the cards which both sides had sold 
during this controversy were failures. Being a man of honor 
James gave all his customers notice he would replace the wire 
cards he sold them. He also took over the obligations of the 
firm, promising to pay his partners for their share of the cards 
rights. Then he set about to find out what caused the failure 
of the rubber. In a short time he found it. Now he could 
make a card without the old disadvantage. The secret was 
kept for ten years during which he became the greatest wire- 
card manufacturer in the world. 


EARLY EDUCATION 


Frederick's schooling at the village clergyman's was inter- 
rupted by Chartists’ riots when the mob came to the windows 
with loaves on sticks demanding bread, for bread was very 
scarce then. His education there was all that he received out- 
side of his father’s machine shop and factory. He must have 
been a very observant son and this pleased his father greatly. 

When 22, after having traveled alone on the Continent for his 
father’s business, he became a member of the firm of James Wal- 
ton and Sons. At his father’s suggestion Frederick experi- 
mented and succeeded. in making clothes brushes and hair 
brushes by mounting bristles in india-rubber. This was to 
start him off on a life of invention. To replace the india-rubber 
he made use of a compound of shellac and fibers. He improved 
his father’s wire-card invention by simply substituting a single 
piece of wire for the staple-shaped wire his father employed. 
His shellac composition he made into sheets and seasoned as 
a floorcloth; he molded it into shapes of knife handles and a 
dozen other uses. Returning from Italy he tried his hand at 
making an artificial leather for bookbinding, but he couldn't 
make a varnish for coating the fabric which would dry quickly 
enough to be used in his machine. In attempting to find such 
a varnish he became familiar with paint skins in the form of pre- 
dried linseed oil. He didn't succeed in making the varnish but 
he realized that he had found a new elastic mass, like, yet un- 
like, rubber, for which he saw a bright future. This idea he 
took to his father who acted toward Frederick just about the 
way his own father had treated him some thirty years before. 
James was tired of all this experimenting by Frederick, his 
jumping from one thing to another, wasting money on ex- 
periments that were never successfully concluded. With a de- 
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termination very much like his father’s, Frederick left the 
family seat of Haughton Dale; the partnership of James Walton 
and Sons was broken up, and with his share of the capital in 
cash Frederick set out to find a use for his new elastic mass. 

After three years filled with ponderous difficulties, of begging 
and borrowing from his father, brother, and others, of nervous 
anxiety and sickening setbacks, Frederick discovered the best 
use for his oxidized oil in the making of a soft, durable, and 
sanitary floor covering which he named linoleum. 

The future of this new floor covering was grasped by Taylor, 
Hill, and Nicholson who, with Walton, formed the Linoleum 
Manufacturing Co. at Staines, England. 

His goal accomplished Frederick and his father were recon- 
ciliated. They were closer now than ever before. 

At Staines, where the new company’s plant was located, 
Frederick had to devise mechanical means of obtaining large 
quantities of this new oxidized linseed oil. This meant erecting 
special buildings, designing a pump to handle the linseed oil, 
and providing regulated heat for the building. This oxidized 
oil had to be mixed with rosin and kauri gum in steam-heated 
kettles which had to be designed and made. Waste cork from 
bottle-stopper makers had to be ground. It was always catch- 
ing fire and several times nearly burned down the wooden mill. 
Huge bales of burlap had to be handled and a machine made to 
starch it. Then larger and wider roller calenders had to be 
made than were ever made before, to mix the linoleum cement, 
cork, and pigments and to form it into sheets on a backing of 
burlap. Whatajobthis was! The cork would fly everywhere 
and just would not mix. The back of the linoleum had to be 
painted mechanically. The processed linoleum had to be 
seasoned in heated rooms for 10 to 30 days; whether to lay it 
on shelves or hang it in festoons was another problem. All 
this fell upon the shoulders of Frederick Walton to solve. That 
he solved it is clearly shown, for 54,000 square yards were 
made the first year. Production tripled the next year and for 
each year for a decade Walton had to provide for a steady and 
healthy growth. Whenever anything went wrong it was Fred- 
erick’s fault and it seemed that only he could correct the trouble. 

The directors frankly told Walton they couldn't do without 
him. 

Toward the close of 1868, Frederick, while still keeping a 
watchful eye on the linoleum plant, patented a system of house 
construction based on an idea furnished by his father. Then, 
as now, a low-price adequate dwelling was looked upon as one 
of the pressing needs of the working man. Queen Victoria was 
much interested in the solution of this problem. James wanted 
it to be free but Frederick, a great believer in practical benevo- 
lence, thought that more use would be made of it if it was 
patented and a company formed to promote it. Two work- 
man’s cottages were built, newspapers wrote about it, philan- 
thropical societies were interested, but nothing ever came of 
it. 


PRINTED LINOLEUM INTRODUCED 


In the beginning most of the linoleum was in plain solid colors, 
but in answer to the demand, printed linoleum was introduced. 
This was manufactured by hand block printing in much the 
same manner as floor oil cloth had been printed for a century 
previous to this year of 1868. The printers were independent 
fellows, invariably too drunk for work on Monday. By care- 
less workmanship they often ruined much valuable linoleum. 
Sales had increased to such an extent that the directors agreed 
to allow Walton to build a machine to do this printing. He 
had often cautioned the printers that unless they were more 
careful with their work it would be necessary to build such a 
machine. They smiled at what they thought was an idle boast 
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for they knew that many had tried to make such a machine 
without success. 

Walton did succeed in making the first practical floor-cover- 
ing printing machine. The first one was built behind a parti- 
tion in the same room where the printers worked. The ma- 
chine in printing made a noise similar to the sound of the blow 
of a hammer and other workmen would unkindly josh the 
printers that another nail was being driven in their coffin. 
As indeed it was for the perfected machine did the work of 60 
men and boys. 

While developing this printing machine Walton patented 
with John Jones a machine for forging nuts, which cut the 
blanks, shaped them, punched their holes, and delivered them 
ready for tapping. At first it appeared like a great money 
maker, but after two years it was a fiasco. 

Linoleum being in demand abroad, Walton, in 1872-1874, 
built the first plant in America on Staten Island, N. Y., while 
others were erecting the first plant in France. 


WALL COVERING OF LINOLEUM 


On the voyage home Walton thought of the idea of making 
a wall covering of linoleum. When the affairs at the linoleum 
manufactory were running smoothly he rented a small factory 
near his home which was to be the birthplace of ‘*Lincrusta- 
Walton,”’ the first linoleum wall covering. In the first experi- 
ments in order to emboss a pattern on the warm unseasoned lino- 
leum composition he had a sculptor engrave a pattern on a slate 
cylinder. The result was a success. Walton formulated the 
composition for use in his “‘Lincrusta;’’ designed and erected 
the machines and factories to make it; financed it practically 
alone; established plants in England, France, and Germany; 
and sold the patent rights for America. The machine which he 
invented for this purpose calendered the linoleum composition 
on the paper or fabric backing, embossed a pattern on the sur- 
face, trimmed it, cooled it, and printed on it in three colors. 

Five years after his first experiments he wrote to his father 
a year before his father’s death in 1883), ‘*. . . . at the hotel 
we saw Lincrusta nicely fixed in the dining room—I also saw it 
the other day at the Queen’s Hotel, Manchester, and in the new 
salon carriages of the London and North Western Railway 
Company—which are very handsome. We have received some 
large orders from America and business is very good on the 
whole. .. .”’ 

‘‘Lincrusta-Walton"’ proved to be a very popular material 
and the business prospered for many years until the vogue for 
highly ornamental furnishings waned. 


STARTS ON MOSAIC-INLAYING MACHINE 


A quarter of a century of association with the Linoleum 
Manufacturing Co., Ltd., was terminated in 1888 by mutual 
consent. Walton wanted to build a mosaic-inlaying machine 
but the directors didn’t and they gladly released him from his 
contract. They probably thought he was too old to be of any 
further use to them and his salaries and royalties then amounted 
to £1600 to £1700 per year. Frederick was as happy as a 
school boy at vacation time to be free again so that he could 
start on what was to be his magnum opus—his automatic 
straight-line inlaying machine. 

This mammoth machine was not to be finished for sixteen 
years. It is doubtful if 54-year old Frederick Walton realized 
the magnitude of this undertaking for it is difficult to think of 
one man with the courage to tackle such an overwhelming task 
almost single handed. 

His first attempt was patented in 1882. In the working of 
this machine the sheets of different colored linoleum were cut 
on cutting blocks all formed from a composing plate so that the 
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various pieces of cut linoleum would fit neatly together to form 
the desired pattern of the inlay. The cutting blocks were so 
arranged that the linoleum composition in sheet form was 
pressed against the knives of the cutting blocks from the top. 
The unwanted tesserae were rejected by pushing them through 
openings in the cutting blocks while the wanted pieces of cut 
linoleum were retained on the blocks. The linoleum sheet and 
the pressing mechanism were then automatically raised up out 
of the way and the filled cutting block swung through an arc 
of 180 deg to deposit the wanted tesserae on the fabric backing. 
As the cutting blocks return to be filled again the linoleum 
composition and the partially inlaid fabric moved forward on 
an endless belt a distance equal to the interval of the design. 
The other colors were inlaid similarly until the pattern was 
completed when it was pressed to the backing and together 
so that there was no opening between the different colored 
pieces. The method of preparing the cutting blocks all from 
the one composing plate was an intricate and cunning device. 
This was the machine which the directors of the Staines Lino- 
leum Manufacturing Co. would not agree to let Walton make. 

On his own now he changed this machine and in his second 
patent in 1888 he described an eight-color octagonal inlaying 
machine. In this case the cutting blocks so ingeniously con 
trived for the first machine were mounted on an octagonal 
prism which revolved intermittently on a horizontal axis. 
The sheet of colored linoleum composition was placed on the 
cutting blocks by hand, at the next step of the prism, at which 
this block would be at the highest side of the octagon, the 
sheet was mechanically pressed against the knives of the cutting 
blocks, two steps later the unwanted tesserae were rejected, and 
two steps further when this block was directly over the hori- 
zontally placed backing fabric the wanted tesserae were de- 
posited thereon. With each step a new color was laid on until 
all eight colors were inlaid to form a section of the pattern and 
the octagonal prism had completed a revolution. Then the 
fabric backing moved forward a step. Several steps later the 
inlaid pieces were pressed together and to the backing or em- 
bossed. The backing was thin linoleum composition calen- 
dered on burlap, a method in vogue today. 

The stopping and starting of this huge octagonal prism 
made such a vibration that the frame was soon badly strained, 
finally breaking down. The jarring effect of the intermittent 
action was too severe to overcome. The inlaying had to be a 
continuous action and this meant a circular cylinder. All pre- 
vious work had to be discarded and Walton had to start anew. 

He soon realized that he couldn't carry the financial burden 
alone. In 1895 the Greenwich Inlaid Linoleum Co. (F. Wal- 
ton’s new patents) was formed. 


PATENTS FIRST INLAYING MACHINE 


This time he was on the right track. In 1890 (B. P. 16,043) 
he patented his first continuous inlaying machine. This is 
partly shown in Plate 1. The cutting cylinders H were later 
much improved and they are illustrated in detail in Plate 2 
(B. P. 198/1897). In Plate 1, Fig. I, B is an iron cylinder, ap- 
proximately 14 ft in diameter and approximately 7 ft long, hav- 
ing a large number of pins projecting from its circumference, 
which project just far enough to pass through the backing and 
to enter but not pass through the linoleum tesserae placed on 
the backing. This pin drum rotated in a counter-clockwise 
direction. The burlap backing was carried on the endless 
belt G and was pressed against the pin drum by the roller E. 
The burlap was carried by the pin drum under the cutting 
cylinders H. The cutting cylinders, Plate 2, had projecting 
knives, a* shaped and arranged according to the pattern, and 
in the spaces between the knives there were radially sliding pis- 
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PLATE 1 FROM WALTON’S BRITISH PATENT 16,043, OcTroBER 9, 1890 


tons or plungers to push out the linoleum composition. Fig. 
4 of Plate 2 shows the mechanism for rejecting the unwanted 
tesserae and Fig. 5 shows the working of the pistons for inlaying 
the wanted pieces of linoleum composition. The sheet of 
colored linoleum composition was pressed against the cutting 
cylinders by roller P so that the whole sheet was cut into 
tesserae, filling all the spaces in the circumference of the cut- 
ting cylinder. As this cylinder turned around clockwise the 
stems of the plates which form the bottoms of the tesserae 
spaces from which the tesserae were to be rejected were acted 
upon by pins } of eccentric cylinder B so as to push these un- 
wanted tesserae quite out of the spaces they occupied. These 
tesserae were cleared away by the revolving brush G. As the 
cutting cylinder continued to revolve until it came into line of 
contact with the main pin drum, K in Plate 2, all the plates 
are pushed out by cylinder C. The wanted tesserae were in 
this manner inlaid on the burlap backing L carried on the pin 
drum K. Further on in the revolution of the cutting cylinder 
all the plates were pushed out slightly beyond the knive edges. 
Here they were lubricated by a plush covered cylinder H served 
with a lubricant such as petroleum spirits so that the tesserae 


would not adhere to them. In like manner the other linoleum 
sheets of different colors were arranged on the burlap backing 
by the other cutting cylinders until the design was completed. 
The projecting pins kept the tesserae in proper position until 
they reached the pressing drum, Fig. II, Plate 1. The inlaid 
pieces of linoleum were pressed against a heated cylinder while 
a continuous rubber blanket R was interposed between the 
pressing rollers and the sheet. To prevent the sheet from ad- 
hering to the heated cylinder its surface was lubricated with 
paraffin wax. The inlaid linoleum S then traveled over cooling 
cylinders until it was hard enough to be rolled into large rolls, 
taken to another building, and hung in festoons to season. The 
machinery for preparing the continuous sheets of various col- 
ored linoleum and supplying them to the inlaying machine at 
the correct speed were housed on the upper floors over this 
machine. 

With this new inlaying machine, if three colors were to be 
in the pattern, three solid sheets of linoleum composition had 
to be made, of which two-thirds of each sheet would be un- 
wanted or rejected as waste from the inlaying machine. For 
the machine to be economically feasible these rejects had to be 
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used over again. For doing this Walton designed a series of 
corrugated cylinders. But to be successful he had to change 
his linoleum cement so that it could be used and reused. He 
had to find a new way to make his oxidized oil, as the pieces of 
scrim cloth would foul the cutting knives. This he did by 
blowing air through oil in a jacketed kettle equipped with 
stirring tines. But this blown oil did not have the same elastic 
properties of the old air-dried oil made by the original process. 
It did have more adhesion and this was needed in the cement 
so that all little pieces of mosaic would bind together. A 
combination of the two oils worked fine and was cheaper. The 
entire process had to be revamped. 

Each pattern had to have a complete set of cutting cylinders, 
if it had three colors that meant three cutting cylinders all 
exactly alike. Such a set was very expensive to make. In 
order to eliminate the need for a new set for each change of 
pattern Walton invented a set of cylinders which could be used 
for a great variety of geometric patterns, simply by changing 
the order of rejection. A set of cutting cylinders were made 
with !/4-in. squares all over the surface. Each square was 
made so the pistons between its boundary of knife blades could 
be motivated independently of each other. With such a set, 
a checker-board pattern from '/4-in. squares to 12-in. squares 
could be made. A basket-weave effect and a great many other 
designs were readily available. Each of these cutting cylinders 
contained over 45,000 squares each outlined with cutting 
knives and with an independently operated plunger between the 
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knives and all the squares on all three cylinders had to be ex- 
actly alike. 

Springtime 1904 the task was completed, the machine was 
working satisfactorily, and seventy-year-old Frederick Walton 
expected to retire to a well-earned rest. 

Today there are seven of these machines in the world, three 
are in America. To build such a machine would cost well over 
a million dollars exclusive of a seven-story building to house it. 
Another half million dollars would have to be expended just 
for making sufficient sets of cutting cylinders to allow a desir- 
able variation in the line of linoleum patterns. 

Walton considered this machine to be his greatest achieve- 
ment. He was very proud of it. A well-known engineer who 
saw it for the first time that May, 1904, said, ‘‘I cannot under- 
stand any man having the audacity to undertake such a piece 
of work.”’ It is a fascinating thing to watch this 6-ft-wide 
ribbon of beautiful colored mosaic linoleum come rolling out of 
the machine, a half mile an hour, every figure perfect, every 
line true. A few men around checking this and that, but no 
one doing any laborious work. This first fully automatic 
inlaying machine was completed forty years after Frederick, 
by courageous perseverance, had founded the linoleum industry. 
If Walton had not invented this machine it probably would 
not have been invented at all. 


HIS OTHER INTERESTS 


About the time he was starting his work on the inlaying 
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machine Walton started, in a very small way, the manufac- 
ture of flexible metal tubing. He had acquired all the patent 
rights from its inventor, the Frenchman, E. Levavasseur. 
Levavasseur was a Paris jeweler, maker, since 1872, of snake 
bracelets and necklaces of gold and silver. These were made 
of a corrugated ribbon of gold or silver, interlocking in each 
helical convolution. Levavasseur was profitably employed 
in their manufacture under patent protection when in 1886 he 
was walking in Paris and noticed the curious device they had 
for washing the streets. It consisted of ‘‘short lengths of pip- 
ing carried on a pair of small wheels fore and aft and joined 
together by copper-riveted leather hose to secure flexibility."’ 
He thought this a clumsy affair for that mechanical age and he 
felt he could use the principle of his snake necklace for making 
a flexible tubing. At first, attempts were made to make this 
tubing waterproof by inserting rubber strips between the joints. 
But the rubber soon came out or deteriorated. Walton substi- 
tuted a thread saturated with linseed oil. But a corrugation 
was finally devised which was not only waterproof but suction- 
proof. Under Walton's vigorous guidance the United Flexible 
Metallic Tubing Company became a great success and an im- 
portant industry. Walton patented methods of applying this 
tubing as armoring for electric conductors—ghosts of the 
B. X. cable of today. 

Seventy-year-old Walton did not retire for long. He went 
to his beloved Epieux in France for fishing and sketching. One 
day while riding in one of the novelties of the day, an automo- 
bile, a tire blew out, there was a bad skid, though it did not 
result in a serious accident it thoroughly frightened Walton. 

In a year he was back in London, busy devising and inventing 
some way of providing wheels for motor vehicles which would 
have the advantages of pneumatic tires without the disadvan- 
tage of the liability of puncture. He hit upon the idea of using 
a solid tire for contact with the road and interposing a pneu- 
matic tire between the body of the car and each wheel. The 
pneumatic tire not being in contact with the road was not sub- 
ject to being punctured and at the same time the body of the 
car rested on these pneumatic tires. This work was to engage 
his interest for the next seven years, during which he obtained 
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thirteen more British patents. In 1913 he had to stop for 
fear of beggaring his family. 

During the World War he patented a system of wing con 
struction for aircraft so that they could be made without the 
use of wood. 

Walton had hoped to live to be 100—it was one of his last 
ambitions. He might have if he had not fallen and broken 
his thigh. Several weeks later he died on May 16, 1928, in 
Nice, France, at the age of 94 years. 

In the preparation of this article the author wishes to ac 
knowledge the generous assistance of R. D. Hodgson and 
G. R. Redgrave 
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EW SUBJECTS are more frequently alluded to in current 
economic discussion than the far-reaching effects of 
mechanization upon the social process. Perhaps none 

(except money) has yielded so numerous a progeny of rash 
conclusions and ill-considered proposals. One reason for this 
is the fact that the process of mechanization constitutes an 
important focal point in the complex of economic forces. Here 
influences from widely separated sources converge and strike a 
balance. Inventive progress constantly disturbs established 
relationships of costs, prices, wages and interest rates, employ- 
ment, and earnings. In the immediate process of readjust- 
ment, labor suffers from displacement of jobs and special skills; 
capital suffers from obsolescence. The more remote readjust- 
ments of higher earnings and higher real wages are often made 
slowly and at unequal speeds. Though the long-run result has 
been constructive, the gains and losses are unevenly distributed 
and fall unequally on different groups. Iftechnics may be said 
to reshape the social order, mechanization forms, so to speak, 
the cutting edge of the tool. 


A STATISTICAL SURVEY OF MECHANIZATION 


Previous studies in this area of economics have been essen- 
tially fragmentary. For this reason, Dr. Jerome's! recent book 
on mechanization is something of a landmark. Based upon a 
statistical survey covering a wide sample of industry, it pro- 
vides an analysis and appraisal of a phenomenon which every 
engineer knows in its details, but which few engineers have 
occasion to view in full perspective. The survey covered 1300 
plants in both manufacturing and non-manufacturing indus- 
tries, utilizing field inspections, interviews, mail surveys, and 
supplementary study of technical and trade journals and other 
sources likely to shed light on the adoption of technical inno- 
vations. While the sample is wide by comparison with other 
studies, it comprises but a small fraction of the entire number 
of plants. It is made roughly representative, however, by 
deliberate inclusion of advancing and declining industries, as 
well as light and heavy, seasonal and non-seasonal, mechanical 
and manual industries. 

We may relate Dr. Jerome's book to the general literature of 
the subject by first noting briefly what it is not. It does not, 
of course, purport to deal with all the economic problems in- 
volved in mechanization. It does not consider abstractly the 
long-run equilibrium adjustments of costs and prices conse- 
quent upon the adoption of labor-saving devices as was done by 
Paul Douglas and Aaron Director in ‘‘The Problem of Unem- 
ployment.’ It is not limited to an intensive study of a single 
process or industry as is Elizabeth Baker's ‘‘Displacement of 
Men by Machines’’ (confined to the printing industry) or the 
excellent studies of mechanization and labor displacement in 
certain industries published by the United States Bureau of 
Labor Statistics. Nor does it deal with the absorption of dis- 
placed labor into new jobs as do the special studies of Isador 
Lubin, R. J. Myers, and Ewan Clague. Finally, it does not 
advocate positive measures of control or remedies for the so- 
cially undesirable incidents of the mechanization process. 

Dr. Jerome shows an appreciation of the statistician'’s re- 





1 “Mechanization in Industry,"’ by Harry Jerome, National Bureau 
of Economic Research, New York, N. Y., 
484 pp., 55 tables, 5 charts, $3.50. 
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sponsibility not merely to collect and present figures but to 
analyze and interpret them. In so doing he has developed a 
number of analytical tools which refine the gross concepts cur- 
rent in popular discussion. He distinguishes ‘‘labor-saving"’ 
changes from ‘‘productivity-increasing’’ changes. These come 
to the same thing in the long run, but their immediate effects 
may be quite different. The extent of the net saving of labor, 
moreover, depends upon whether operating labor only is con- 
sidered, or whether auxiliary labor, embodied labor (that is, 
labor embodied in the machine itself), or total distribution and 
marketing labor is included in the comparison. Over a long 
period, the net increase in the physical productivity of labor in 
the factory has been, in fact, partly nullified by the growth of 
distribution expense necessary to secure larger markets. This 
appears not merely in the manufacturer's selling costs, but in 
the whole structure of jobbing and distributing enterprises in- 
terposed between manufacturer and consumer. Thus in the 
decade 1920-1930 the percentage of the gainfully occupied 
attached to manufacturing dropped from 30.8 to 28.9, while the 
growth of those engaged in ‘‘trade*’ was from 10.2 to 12.5 per 
cent. This was associated with an estimated increase in out- 
put, per worker, of 43 per cent for the decade. 

The displacement effected by labor-saving devices, further- 
more, takes place at different levels. “‘If ... new brick- 
molding machines are introduced which, because of greater 
speed and more automatic features, make it possible for the 
machines with five operators to turn out the product formerly 
requiring ten operators then there is an ‘operation dis- 
placement’ of five men.... If these five men are not assigned 
other work in the same plant there is ‘plant labor displace- 
ment.” If they find work in the same plant or in other plants, 
but in an occupation other than that of operating brick ma- 
chines there is ‘occupational displacement.’ If they find work, 
but in an industry other than brick manufacture, there is 
‘industrial displacement.’ If they find no work at all there is 
‘complete displacement." "’ 


WIDESPREAD EFFECTS OF OPERATION DISPLACEMENT 


Dr. Jerome’s summary, however, does not exhaust the pos- 
sible cases, because it all starts with an ‘‘operation displace- 
ment’’ within a continuing enterprise. It may happen, how- 
ever, that the adoption of improved methods by other enter- 
prises in the industry displaces the entire firm employing the 
men in question. In more extreme cases, the entire industry 
may be undercut by economies introduced in the manufacture 
of substitute products. Such situations are more complex 
and difficult to analyze clearly, first, because the displacement 
from actual jobs extends to occupations not directly concerned 
in the mechanizing step which sets the sequence in motion, and 
second, because the elimination of an enterprise or industry 
is seldom due to a single clear-cut cause such as the mechaniza- 
tion of an operation. Shifts in markets, in consumer prefer- 
ence, geographical cost differentials, and similar complicating 
factors usually contribute to the result. 

The most significant aspect of this study relates, however, 
not to the effects of mechanization (of which labor displace- 
ment is only one) but to its causes and the problem of measure- 
ment. Mechanization is a phenomenon of infinite diversity. 
Its manifestations over the whole field of industry have little in 
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common that is measurable. This is a prospect calculated to 
dismay the statistician, whose technique is best adapted to the 
comparison of homogeneous quantities. Dr. Jerome has sen- 
sibly refrained from stretching statistics too far. He briefly 
sketches the major qualitative changes in individual industries, 
with statistical series applying to restricted areas. But it is 
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FIG. 1 GROWTH IN THE USE OF MACHINES 


(Reproduced from ‘‘Mechanization in Industry,’ by permission of the 
publishers.) 


difficult to merge into one coherent picture figures relating 
to the adoption of machine types in such diverse fields as, for 
example, printing, glass making, motion pictures, and agricul- 
ture. 

This fact necessitates recourse to a few available time series 
which, while not measuring mechanization directly, serve as 
indexes of related tendencies. Among these are (1) horse- 
power (rated capacity) per wage earner, (2) ratio of wages to 
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value added in manufacture, (3) labor-expense ratios (e.g., ratio 
of wages to value added by manufacture, (4) percentage of total 
output due to machines (available in industries where machine 
adoption has partially displaced hand methods), and (5) dollar 
investment in equipment per wage earner. 

Horsepower statistics* have, of course, been extensively used 
and their shortcomings are well-known, but such figures, as 
well as those relating wages to value have the advantage of be 
ing readily available from census figures. Others, such as 
labor-expense ratios and percentage of total output due to 
machines, must be obtained by study of individual plants 
In horsepower per wage earner (as of 1925) blast furnaces lead 
with a figure of 47.29, followed by manufactured ice (31.41) and 
cement (18.31). At the bottom of the list are women’s cloth- 
ing (0.19) and turpentine and rosin (0.10). Obvious technical 
differences among industries render data of this kind of limited 
value as absolute magnitudes. Studies of rates of change have 
more significance, but a wide field for further investigation 
exists for working out measures which shall be comparable 
among different industries for such elements as relative degree 
of automaticity, transfer of skill, and displacement of occupa 
tional specialties. It is an area in which more refined qualita 
tive study should precede efforts at measurement. 


CHARACTERISTICS OF GROWTH 


The factors determining rapidity of mechanization are 
grouped by Jerome into three classes roughly distinguished as 
technical, pecuniary, and psychological. He makes a pioneer 
effort to study this aspect quantitatively by assembling 23 
series exhibiting life histories of machine types for periods 
ranging from 11 to 23 years. His conclusion is that the follow- 
ing stages are roughly typical: (1) Period of commercial trial 
(until use reaches 10 per cent of maximum) lasting 3 to 11 years; 
(2) period of rapid increase (ending when annual increase in 
use falls below 10 per cent) lasting 4 to 11 years; (3) period of 
slackened increase lasting 3 to 6 years; (4) period of declining 
use for which no typical duration is distinguishable. Three 
of Dr. Jerome’s charts, reproduced herewith, illustrate series 
in different stages of this progress. These show admirably the 
complexity of mechanization as an economic factor. The 
process is one of continual displacement of existing types, not 
merely a progressive growth. 

These series relate also to a social aspect of mechanization 
beyond the scope of this study, but which is suggestively 
treated in Lewis Mumford’s “‘Technics and Civilization.” 
The ultimate criterion of any technical process is not the horse- 
power consumed nor even the intricacy of the technical devices, 
but rather the question of how directly and cheaply the process 
serves the end sought. It follows that technical progress in 
some cases may bring about a decrease in power consumption, 
or in the use of certain machine types. Mechanization, in 
other words, is only a single aspect of technical change. 

Among the broad conclusions reached by Jerome are these: 
(1) That while the rate of mechanization clearly reached a 
peak in the decade of the twenties, this rate was more rapid in 
agriculture, mining, and railroads than in manufacturing; (2) 
that while mechanization may be expected to continue, it will 
not be at the uncontrollable rate which some alarmists have 
pictured. The spectacular shifts that follow sudden innova- 
tions (like sound movies) which displaced, almost overnight, 
thousands of musicians, are far from typical. The process, 
viewed as a whole, is a steady one in which revolutionary up 
sets in particular technical operations appear only as ripples in 
the tide. 

2 See, for example, ‘Horsepower Equipment in U. S.,’" by C. R 
Daugherty, American Economic Review, September, 1933. 
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H ig h-temperature 
carbonization is carried on at temperatures ranging from 900 
to 1200 C (1650 to 2190 F) and the resulting coke is primarily 
intended for industrial uses. It contains little volatile material 
and is of a graphitic type which makes it difficult to ignite. 

Low-temperature carbonization is effected at relatively low 
temperatures, which may range from 360 to 750 C (680 to 1380 
F). The fundamental reason for use of lower temperatures 
is to prevent secondary decomposition of the distilled vapors, 
so that the vaporized constituents of the coal will have certain 
valuable characteristics not found in the products of high- 
temperature distillation. Also the carbon residue, known as 
semi-coke, is not graphitic and ignites and burns more readily 
than the high-temperature cokes. 

We know that the element of time is important in the amount 
of cracking taking place at any given temperature. Conse- 
quently, the authors believe that low-temperature carboniza- 
tion should be defined necessarily as a ‘‘condition’’ and not as 
a ‘“‘temperature range’’ of destructive distillation, wherein a 
minimum of secondary decomposition of the oil vapors takes 
place, a relatively low yield of high Bru gas is evolved, and the 
residue or semi-coke is an easily combustible form of carbon. 

Although much time has been given to a study of Utah 
coals as the source material for a smokeless fuel, but little ex- 
perimental work has been done and no paper has treated this 
subject in detail. That is, the three products of destructive 
distillation, solid smokeless fuel, crude oil, and artificial gas, 
have not been studied in detail in relation to their production 
from the principal coal bodies of the Intermountain Region. 

The authors undertook, therefore, to make a study of the 
important high-volatile smoke-producing coals so extensively 
laid down in Utah and Wyoming in order to determine their 
suitability as source materials for solid smokeless fuels. The 
investigation was carried on during 1934 under the direction 
of Professor Beckstrand of the Department of Mechanical En- 


coals made by the 
Federal Government in cooperation with the State of Utah. 


OBJECT OF INVESTIGATION 


The object of the investigation was to obtain detailed data 
on the following items as they pertain to the bituminous and 
sub-bituminous Utah coals: 


(1) Adaptability of the coals to the distillation process. 

(2) Heat required, steam consumption, and time necessary 
to distil the coal, and the mechanism of the heat transfer. 

(3) Yields of solid smokeless fuel, crude oil, and artificial 
gas. 

4) Physical and chemical properties of the smokeless fuel 
versus the raw coal. 

(5) Heating efficiency of the smokeless fuel versus the raw 
coal in ordinary coal-burning appliances. 

(6) Constituents and heating value of the artificial gas. 

(7) Life of the materials used in the construction of the 
superheater and retort. 

(8) Quantity and quality of the products obtainable from 
the crude oil. 


EXPERIMENTAL CARBONIZING PLANT 


For the purpose of carrying out this investigation, a small 
carbonizing plant capable of yielding commercial coal prod- 
ucts, was erected in the Mechanical Engineering Laboratories 
of the University of Utah. The coal was treated in batches of 
approximately 50 lb each by means of superheated steam at 
approximately 10 lb pressure and at temperatures ranging 
from 1000 to 1350 F, and in direct contact with the coal 
charge. 

The major parts of the plant as shown diagrammatically in 


1L. C. Karrick, Former U. S. Government Refinery Engineer and 
Fuels Technologist. 
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FIG. 2 LOG OF PLANT OPERATION The detailed tests were made to 


(Detailed test No. 2—Aberdeen pea coal.) 


Fig. 1 consisted of the superheater a, the coal retort b, the three 
condensers, c, d, and ¢e, the condensate decanter a;, the conden- 
sate measuring tank y, the gas scrubber x, the gas meter », 
the gas sample storage tank z, and a potentiometer and thermo- 
couples. The positions of the latter are indicated by the 
letters T. C. 

Heat was supplied to the superheater by a gas-fired furnace 
f arranged so as to permit the careful regulation of the quantity 
of heat generated. 

The steam condenser ¢ provided a means of condensing out of 
the vapor stream only the high-boiling oil vapors while pre- 
venting any condensation of water vapor. By thus removing 
the high-boiling oils, which were found to be slightly heavier 
than water, the remaining oils and water could be condensed 
together in another condenser and thereafter separated by de- 
cantation. Without such selective condensation, the crude oil 
could not have been separated easily from the water. A ther- 
mocouple was provided at the vapor outlet of this condenser. 

Condensers d and ¢ consisted of two coils placed in series and 
occupying separate compartments in the condenser box x. 
Cooling water flowed in a direction counter to the vapors being 
cooled, the condensate from condenser d being maintained 
above 70 F to prevent the condensed waxy oils from congealing 
and clogging the coils. A thermocouple was provided at the 
outlet of this condenser for the purpose of observing this tem- 
perature. The oil and water condensates from condenser d 
were drawn off under a liquid seal into the decanter a, which 
was provided with an oil overflow pipe, while the water settled 
to the bottom and was permitted to drain into the tank 5 
fitted with a water-level tube calibrated in pounds. The re- 
maining vapors and gases from condenser d were passed into 
condenser e surrounded by cold water. In this the light oils 
were condensed and collected in a liquid-sealed container. 

The non-condensable gases were then passed up through the 
scrubbing tower x to remove the naphtha fog carried in the 
gases. The tower was filled with sized gravel over which ab- 
sorption oil trickled in counterflow direction to the gases. 
The used oil was drained from the base of the tower and topped 
to collect the naphtha. The naphtha-free gases were then 


passed through meter » provided with a thermocouple and a 


determine (1) the effect of the dis- 

tilling temperature upon the re- 
sulting products, (2) the heat requirements, (3) the amount 
of steam required, and (4) the mechanism of the heat transfer 
to the coals chosen on the basis of the preliminary tests. 


PRELIMINARY TESTS 


The steam supply to the superheater was maintained at such 
a rate as to produce a pressure on the retort of from 3 to 10 lb 
per sq in. gage or from 15 to 22 lb per sq in. gage at the super- 
heater inlet. During the dry-quenching period the superheated 
steam was by-passed to the atmosphere and saturated steam at 
15 lb pressure was passed through the retort. Table 1 gives 
the results of these preliminary tests and from this table it will 
be noted that the bituminous coals gave from 1230 to 1400 
lb of smokeless fuel per ton of raw coal, from 2100 to 3200 cu 
ft of artificial gas having a heating value ranging from 800 
to 1050 Btu per cu ft, and from 269 to 319 lb (32 to 38 gal) of 
dry crude oil per ton of coal. The sub-bituminous coals yielded 
smaller quantities of smokeless fuel and oil and gave larger 
quantities of artificial gas. 


DETAILED TESTS 


Three detailed tests were conducted on a typical bituminous 
coal and three on a sub-bituminous coal using superheated steam 
temperatures of 538, 650, and 725C. The size of the coal lumps 
were within the range of 2-in. to */s-in. and the readings of the 
instruments were made every Smin. Fig. 2 shows graphically 
the record of such a test. 

Distillation. As was to be expected, the length of the dis- 
tilling period was inversely proportional to the temperature of 
the superheated steam used. The superheated-steam tempera- 
ture did not, however, have any considerable effect upon the 
length of the dry-quenching period. In all the detail tests the 
temperature of the lower zone of the retort, indicated by ther- 
mocouples 4, 5, 6, and 7 (Fig. 1), did not begin to rise above 
100 C for some 15 or 20 min after the distillation was begun 
This temperature lag is produced by the presence of water in the 
coal. As soon, however, as the moisture is driven out of the 
coal, the temperature rises rapidly, the rate of rise being aided 
by the exothermic property of Utah coals. 

It has been shown that this exothermic heat amounts to 27 
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plishes useful work, is a unique 
feature of this method of 
treating coal, and it serves to reduce the amount of superheated 
steam required. It may be concluded that this heat-saving 
step will be greatly enhanced in distilling large batches of coal 
in large-diameter retorts wherein the retort surface (the radiat- 
ing area) isa much smaller heat-dissipating factor than in the 
retort used in the present study. Also in larger batches of coal 
the available heat stored in the residue is a much larger per- 
centage of the total heat required 

Fig. 3 shows the effect of the distilling temperature upon the 
yields of smokeless fuel, oil, and gas, and also the heating value 
of the gas 

In each instance, the yield of semi-coke decreased while the 
gas yield increased with increase in the distilling temperature. 
The heating value of the gas, however, decreased with the 


greater gas yields. The oil yield was a maximum at 650 C and 


TABLE 1 


Pounds Cu ft 
smoke- gas per 


RESULTS OF PRELIMINARY TESTS 


Gas analysis—per cent by volume at 60 F and 


BITUMINOUS AND SUB-BITUMINOUS COALS 


was a smaller value at 730 C than at 540C. It is interesting to 
note the striking similarity in the trends of the curves for the 
bituminous and sub-bituminous coals, which clearly indicate 
that, for optimum results, 650 C is the better distilling tempera- 
ture. 

The heat balance shows that 75 to 80 per cent of the heat sup- 
plied leaves the retort in the steam and volatiles. Important 
economies in steam consumption can be obtained (1) by pre- 
heating the coal, (2) by using maximum steam temperature 
consistent with the optimum character and yield of the products 
(650 C), (3) by using physically dry coal, (4) by utilizing the 
heat stored in the top portion of the coal charge to distil by 
transfer of its heat to the lower portion of the coal] charge, (5) 
by reducing the heat absorption in the walls of the retort by 
using a retort covering of low conductivity and heat capacity, 
(6) by reducing radiation losses, 
C7.) by using the sensible heat of 
the coal residue to preheat the 
new coal, (8) by condensing the 


less ton coal Pounds —_—_ 3 in. Hg- eS issuing steam and oil vapors in 

fuel at test crude Btu an evaporator and using the 
per ton condi- oil per _ . - per new steam generated to dry- 
Coal coal tions toncoal CO, Ill. CO Hs CH, C:He cu ft ; 


Sub-Bituminous 


quench and preheat other new 
coal charges. There are good 
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TABLE 2 PROXIMATE ANALYSES OF BITUMINOUS AND SUB- 


BITUMINOUS COALS AND THEIR RESULTING SMOKELESS 
FUELS 
-—Bituminous—~. —Sub-Bituminous— 
Raw Smokeless Raw Smokeless 
Content coal fuel coal fuel 
— —Per cent by weight ~ 
Moisture. . 3.2 12.53 
Volatile 39.7 17.5 35.8 30.5 
Fixed carbon 50.8 74.1 47.83 62.0 
Ash 6.3 8.4 3.84 i pe 
Sulphur 0.53 0.45 1.$ 1.0 
— Btu per pound 
Heating value 13,300 13,000 10,850 13,248 
similar. Consequently the crude oil from a_ representative 


Utah coal was used for an investigation of the refinability of 
this oil. 

Gasoline was the principal oil product sought, although kero- 
sene, fuel oil, fuel gas, and cresylic acid were also produced and 
their quantities measured. A 2-gal pressure cracking still was 
provided with a thermocouple well, pressure gage, a water- 
cooled pressure condenser, and a pressure-regulating needle 
valve. A charge of 1.5 gal of the crude oil was first dehydrated 
under pressure and then cracked at 775 to 800 F and 125 lb pres- 
sure, the distillation requiring about 3 hr to complete 

This crude oil is solid at room temperatures because of the 
high content of waxes, resins, and high-boiling hydrocarbons. 
The distillation yielded 65 per cent of pressure distillate, also 
carbon and gas. About 110 lb of carbon (ashless coke) and 
850 cu ft of 1350-Bru gas were produced per barrel of the crude 
oil cracked. The pressure distillate was fractionated at 205 
and 253 C at 640 mm pressure, thereby forming three fractions, 
gasoline, kerosene, and fuel oil. All fractions were washed 
with 10 per cent sodium-hydroxide solution to remove the tar 
acids which were subsequently released from solution by neu- 
tralizing with sulphuric acid. The gasoline was then agitated 
with concentrated sulphuric acid in three successive treatments, 
after which it was neutralized and distilled. This yielded 18 
per cent of light yellow gasoline which was color-stable and of 
the proper volatility for motor use. 
larly refined but with less acid. 

The yields of the oil products were as recorded in Table 3. 


The kerosene was simi- 


TABLE 3 YIELDS OF OIL PRODUCTS 


Per cent Gal per 
Product of crude ton of coal 
Gasoline 18 5.85 
Kerosene 18 5.85 
Fuel oil 20 6.40 
Cresylic acid 3.1 1.0 


Ignition and Burning Qualities of Semi-Cokes. Throughout this 
investigation a large number of experiments were made to com- 
pare the ignitibility and burning properties of the semi-cokes 
produced with raw coal, metallurgical coke, petroleum coke, 
cannel coal, and anthracite. 

This study was accomplished in part by placing equal-sized 
pieces of the different fuels into separate, electrically heated 
muffles in the presence of air and causing all to heat up simul- 
taneously at controlled rates until combustion took place. It 
may be briefly stated that the semi-coke kindled as readily as 
raw coal and exhibited an attractive but smokeless flame, also 
that it did not disintegrate while burning as did the raw coal. 

The metallurgical coke was the most difficult to ignite, the 
anthracite next, and while the petroleum or creosote cokes 
ignited fairly readily, both were observed to yield an oily smoke 
when starting to burn. 





MECHANICAL ENGINEERING 


The unusual capacity of the semi-coke to ignite easily and 
burn readily was demonstrated in a series of tests made in 
standard house-heating devices. Burning tests were made on a 
hot-blast heating stove and a cook stove, which are typical 
of the types used to heat some twelve thousand small dwell 
ings in Salt Lake City. A fireplace was also constructed 
and all three appliances were equipped with the necessary in 
struments to measure draft, flue-gas temperatures, smoke and 
fly-ash in the gases, and to take gas samples. A series of heat 
ing studies was made to compare the semi-coke with the raw 
coal and in all instances attempts were made to duplicate aver 
age residence firing technique. It was found that the semi 
coke gave 15 per cent more heat than the raw coal in the heating 
and cook stoves and nearly three times as much heat as the 
raw coal in the fireplace. Furthermore, more than 100 times 
more soot, tar, carbon, and ash were collected from the flue 
gases arising from the raw coal. The semi-coke also responded 
readily to draft changes and produced no visible smoke 


CONCLUSIONS 


The results of the investigations are summarized as follows 
(1) All of the bituminous coals tend to soften while proc 
essing in varying degrees but none has the extreme fusing 

properties for successful high-temperature coke manufacture 

(2) The greater portion of Western bituminous coals can be 
discharged easily from a slightly tapered retort. 

(3) Practically all Rocky Mountain coals, exhibiting mino: 
fusing characteristics, are well adapted to low-temperature 
carbonization in retorts. All sub-bituminous coals are likewise 
well adapted to this method of treatment. 

(4) All of the crude oils derived from the coals processed 
had the same general physical characteristics as to color, vis 
cosity, and density. 

5) From 85 to 90 per cent of the smokeless fuel produced 
from the bituminous coals was above */4-in., which was the 
minimum size of the coal as originally charged. Consequently, 
very little breeze or fine carbonized coal was produced 

(6) The sub-bituminous coals were observed to disintegrate 
slightly upon processing, but it was found that this degradation 
could be materially reduced by a slower rate of heat transfer 

(7) Sub-bituminous coals from Coalville, Utah, gave a 
smokeless fuel which, according to proximate analysis, is prac 
tically the same as that produced from bituminous coals. In 
most cases, the ash content of the sub-bituminous semi-coke 
was less than that of the bituminous smokeless fuel 

8) The new domestic fuel produced during the course ot 
this investigation was well suited to burning in domestic coa! 
burning appliances. Many combustion studies were made in 
a popular form of hot-blast heater, in a cook stove and fire 
place, and several sacks of the new fuel were distributed among 
interested local citizens for trial. In each case the fuel ignited 
easily and burned without any trace of smoke and only favor 
able comments were received from the many enthusiastic per 
sons who saw this fuel in use. Proximate analyses of the semi 
cokes show that their heating values are approximately equal 
to those of the raw coal, and that the ash content never reached 
10 per cent. Furthermore, 15 per cent more heat is made 
available through the use of the processed coal than is obtained 
by the use of the same amount of the raw high-volatile coals 

(9) The experience gained during this investigation and a 
careful inspection of the apparatus after completion, of the test 
gives assurance that no unusual difficulties would be met with 
these pieces of equipment in commercial practice. 

(10) The studies show that with the use of three retorts as 


previously described, a pound of coal can be treated with less 
than one pound of superheated steam. 











ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 


APPLIED MECHANICS 


Moments of Resistance and of Inertia of 
Circular and Circular-Ring 
Cross-Section 


r FIG. 1, W, = 0.2d* for circular 

D1— d 
cross-sections and W, = 0.2 ——— 
for circular-ring cross-section. The 
values of W, are read from the diagram 
and from this W = 0.1 d* or 0.1 


D4 D ae 25 4 ‘ 
—* can be obtained by 





D 
multiplying the values of W, by 0.5. 
The values of I are obtained by multiply- 
ing the values of W, by 0.25 D. 

The following example will show how 
Let it be de 


to proceed in this case. 
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FIG. 1 RESISTANCE AND INERTIA MOMENTS 
OF CIRCULAR AND CIRCULAR-RING CROSS- 
SECTIONS 
Abscissas = wall thickness, s in mm; 


dinates, left, total diameter in mm; ordi- 
nates, right, outside diameter of pipe in mm.) 


sired to find W for a pipe 45 mm O.D. 
and 30 mm I.D. The wall thickness is 
therefore 7.5 mm. First find the point 
of intersection of the curve for the 45 
mm O.D. with the vertical line of wall 
thickness located between 7 and 8 mm. 
This gives W, = 14.5 cm’; and from this 
it will be found that W is 0.5 & 14.5 = 
7.25 cm*. 

If, however, it is desired to find the 
value of wall thickness for a pipe of a 
cross-section where I = 4.5 cm‘ and 35 
mm O.D., the following procedure is 
used. If I = 4.5 cm‘, then W, = 
I/0.25 D, which can also be written W, = 
4.5/(0.25 X 3.5) = 5.15 cm*. The 
curve for O.D. 35 mm intersects the 
horizontal line for W, = 5.15 cm® at 
about 3.5 mm, which gives the wall 
thickness of the desired pipe. 

The next subject considered deals with 
the moments of resistance and inertia 
of I and U and rectangular cross-sections. 
This is not abstracted because of lack of 
space. (Design Tables, no. 1, 1935, 
Automobiltechnische Zeitschrift, vol. 38, 
no. 1, Jan. 10, 1935, 2 pp., insert oppo- 
site p. 20 of the general issue) 


ENGINEERING MATERIALS 


Progress in Metals Used in Steam Engi- 
neering 


MONG other things the author re- 

fers to some special vanadium steels 
which proved highly successful for such 
applications as piston rods and crankpins. 
He mentions specifically the manganese- 
vanadium steels containing approxi- 
mately 1.4 per cent manganese, 0.10 va- 
nadium, and 0.35 per cent carbon. It has 
been recently found that steels with 1 per 
cent of copper combined with approxi- 
mately 1/. per cent molybdenum are 
much better as regards corrosion resis- 
tance than ordinary mild steels and possess 
fair strength at moderate temperatures. 
In attempts to find a suitable steel for 
resistance to corrosion attack at high 
temperatures, steam engineers have 
turned back of late to the original 12 to 14 
per cent chromium stainless steel. Seam- 
less tubes for high-pressure steam boilers 
have made use of this material while steel 
higher in chromium, namely of the 20 
per cent chromium type, has been em- 
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ployed in tube form for waste-heat re- 
cuperators, soot blowers, and high- 
temperature superheaters. 

The matter of aging of steel sheets is 
considered next. The method which 
gives promise of success is to deoxidize 
the steel with silico-manganese in the fur- 
nace and kill with aluminum in the ladle. 

The nitriding process has not gone 
ahead quite so rapidly as at one time 
seemed likely. Recent progress consists 
in the invention of a method of nitriding 
ordinary steels, and one or two of the 
cast and malleable irons, to a glass-hard 
surface. Two patented modifications of 
the nitriding process have been intro- 
duced. In the first of these, ordinary 
steels low in carbon content are subjected 
to active nitrogen led into a salt bath and 
then quenched; in the second, molyb- 
denum, chromium, or chrome-vanadium 
steels are subjected to activated nitrogen 
at low temperature in a pressure-tight 
container, thus obtaining swiftly a very 
hard case without the necessity of 
quenching. It may be mentioned also 
that experiments seem to prove that cast- 
ings with 20 per cent and more of chro- 
mium when alloyed with nitrogen are 
higher in resistance to corrosion and in 
ductility than steels without nitrogen 
(CL. Sanderson in The Steam Engineer, vol 
4, no. 6, March, 1935, pp. 231-232) 


Notch Sensitiveness in Alternating 
Stressing of Alloyed and 
Unalloyed Steels 

N CONNECTION with long-duration 

tests of steels in recent years several 
statements have been made to the effect 
that alloyed steels have a higher notch 
sensitiveness than unalloyed steels. The 
author claims that these statements are 
based on an insufficient amount of ex- 
perimental work or else that they are 
based on comparisons of steels of differ- 
ent tensile strength and elastic limit. 
It is an important matter for designers to 
know whether or not there is an actual 
difference in the notch sensitiveness in 
alternating stressing of alloyed and un- 
alloyed steels. 

With this in view the experimental 
laboratories of Friedrich Krupp Co., 
Essen, have carried out certain tests on 
test pieces 7.5 mm in diameter of various 
surface characteristics, namely: (a 
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Smooth bar with a surface carefully 
polished; (4) smooth bar with the 
surface finely ground; (¢) smooth bar 
with the surface coarsely machined; (d) 
bar with a notch 0.1 mm deep and 60-deg 
angle, with the bottom of the notch as 
sharp as possible; and (¢) bar with a 
groove about 1 mm in diameter. These 
test pieces were subjected to long-dura- 
tion bending tests. It is only in a few 
cases that all of the bar shapes were 
tested in any given steel. In the major- 
ity of cases only type (a) and one or two 
others were tested. The data of the 
tests and the methods of computing the 
results are given in the original article. 

The test bars may be divided into five 
groups according to their chemical com- 
positions, namely, unalloyed, manga- 
nese and silicon, nickel, chromium, and 
chrome-nickel steels. A sixth group 
consisted of austenitic steels. The re- 
sults of tests of alternating strength of 
polished and notched pieces were plotted 
as functions of tensile strength. Because 
of the lack of space the details cannot be 
reported here, but some of the conclu- 
sions are presented. Among other things 
it was found that on the basis of equal 
tensile strength the unalloyed steels are 
inferior to the other steels in the abso- 
lute magnitude of long-duration test 
strength, for both polished and notched 
pieces. From the data presented, how- 
ever, one cannot draw a very clear idea 
of the difference in notch sensitiveness, as 
the alternating strength of a steel with a 
polished surface may lie at the upper 
limit of values, while a similar strength 
for a notched test piece may be at the 
lower limit of values. For another steel 
an entirely different situation may be 
found. 

When it was tried to plot the various 
alternating-strength data as functions of 
tensile strength it was found that the 
points were so scattered that it was not 
always possible to draw an average curve. 
The general conclusion which the author 
draws is that it does not appear that un- 
alloyed steels are any less notch-sensitive 
than alloyed steels of the same tensile 
strength. 

The values for alternating strength in 
the case of notched test pieces have been 
also plotted as a function of the corre- 
sponding alternating strength of pol- 
ished pieces. Here, as in some other 
tests, it has been found that austenitic 
steels are clearly less notch-sensitive 
than others. It was also found that 
when test pieces. which in the polished 
state showed equal alternating strength 
were compared in the notched state, un- 
alloyed steels not only did not show a 
higher alternating strength but at times 


showed a somewhat lower one than al- 
loyed steels. 

In connection with the estimation of 
the coefficients of notch sensitivity of 
various steels it should be nored that this 
property depends on the purity of the 
material. A material with strong inter- 
nal notch effects shows a lower notch 
sensitivity because its strength is im- 
paired by these internal notch effects. 

In general conclusion, however, the 
author states that the notch sensitive- 
ness of a steel is essentially a function of 
its tensile strength. When endowed 
with equal elastic Jimits the unalloyed 
steels have approximately the same notch 
sensitivity as alloy steels, excepting, 
however, austenitic steels. (Richard 
Mailander, communication no. 291 of 
the Materials Bureau of the Association 
of German Steel Manufacturers, ab- 
stracted through Stahl und Eisen, vol. 55, 
no. 2, Jan. 10, 1935, pp. 39-41, 5 figs.) 


INTERNAL-COMBUSTION 
ENGINEERING 


Detonation and Pseudo-Detonation in 
Explosion Motors 


HE author has read several papers 

before the French Academy of 
Sciences on the subject of detonation 
and says now that such expressions as 
‘‘detonation,”’ “‘knocking,”’ and ‘‘pink- 
ing’’ are used indiscriminately to describe 
the phenomenon of extremely rapid in- 
crease of pressure expressing itself in a 
sharp metallic noise, a considerable in 
crease in the heating of the cylinder 
walls, and a reduction in the amount of 
power developed. 

The author claims that his theory of 
nuclear ignition makes it possible to 
expect a different phenomenon in a 
motor, marked, at some hot point or in 
a region of high temperatures, by the 
appearance of a ‘‘flame front’’ without 
the formation of a detonation wave. He 
believes he has confirmed it experi- 
mentally. 

In tests on superinduction with a 
motor having adjustable cooling tem- 
peratures it was found that when the 
temperature of the water was of the order 
of 80 C and the spark was progressively 
advanced the appearance of knocking 
was preceded by irregular operation 
accompanied by a dull noise entirely 
different from that of pinking, properly 
so-called. On the other hand when the 
temperature of the water was only from 
40 to 50 C there was a direct passage 
from silent operation to operation with 
knocking. Diagrams were taken for 
these different cases on a manograph of 
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small inertia. It was found that in the 
case where there was _ intermediate 
knocking between regular operation and 
pinking there was a rapid increase of 
pressure at the end of the combustion 
lasting about 0.0005 sec, followed by 
pressure waves, the frequency of which 
materially corresponded to the tonality 
of the noise heard. This did not appear 
at more moderate loads and temperatures 
of the walls. On the other hand, when 
the motor was dismantled it was found 
that a casting defect affecting the circu- 
lation of the water had produced a hot 
spot in that part of the wall. 

It would therefore appear that all the 
elements are present justifying the state 
ment that the phenomenon observed is 
due to ignition by a hot spot acting a 
little before the end of the combustion 
and accompanied by considerable accelera 
tion of the rise of pressure without pro 
ducing a detonation wave, properly so- 
called. This last point seems to be 
sufficiently corroborated by the fact that 
neither a reduction in power developed 
nor any abnormal heating of the motor 
was found. From this it would seem 
that the appearance of knocking, properly 
so-called, may be preceded on certain 
motors and under certain conditions by 
ignition bya hotspot. This is expressed 
in a noise much less pronounced than 
pinking and is not accompanied either 
by loss of power or violent heating, such 
as accompanies regular detonation. This 
the author calls ‘‘pseudo-detonation.”’ 

Since it is the temperature that pro 
duces ignition that gives rise to detona 
tion or pseudo-detonation and since both 
depend on the detonating properties of 
the fuel, this latter can be equally well 
measured on the basis of detonation, 
properly so-called, and on pseudo-detona- 
tion. 

The author believes that he has found 
a confirmation of this detonation in the 
fact that the majority of. the devices 
intended to uncover knocking, such as 
the bouncing pin used for the determina 
tion of the octane number, seem, because 
of their comparatively high inertia, 
more sensitive to pseudo-detonation than 
to true detonation. It would appear in 
fact that certain motors, such as the 
S.30 motor of the Ethyl Gasoline Cor 
poration, which seem to have a high 
aptitude for producing pseudo-detona- 
tion, measure more frequently the in 
tensity of the latter than the intensity 
of detonation, properly so-called. This 
does not, however, affect the results of 
measurements when used for classifying 
fuels. 

In conclusion the author states that in 
so far as operation of engines is concerned 
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it is only detonation proper that must be 
avoided because of its harmful effects, 
and on that account the apparatus for 
measuring it should be of very small 
inertia, as such apparatus is not affected 
by pseudo-detonation. This has led the 
author to consider using a device respon- 
sive to the second root of the pressure as 
a function of time as this varies greatly 
with the duration of the shock. An 
apparatus based on this principle and 
having its own period of approximately 
'/s,000 SEC, Very sensitive to detonation, 
has been found to be effectively non- 
sensitive to pseudo-detonation. (Max 
Serruys, Comptes Rendus des Stances de 
l’ Académie des Sciences, vol. 199, no. 18, 
Oct. 29, 1934, pp. 830-833) 


Internal-Combustion Turbine 


HE author believes that the combus- 

tion turbine once deemed economi- 
cally impracticable deserves new con- 
sideration in the light of today’s higher 
efficiencies of turbines and compressors 
and the ability of modern turbine blades 
to withstand high temperatures. He 
analyzes the constant volume and con- 
stant-pressure cycles and believes that the 
latter is apt to give the most satisfactory 
solution of the problem of the combus- 
tion turbine. He gives in detail the cy- 
cle of the proposed turbine and points 
out the conditions, particularly those 
dealing with combustion temperature 
and turbine and compressor efficiency, 
which must be satisfied in order that the 
turbine should develop more power than 
is required to drive the compressor. 

The principal parts of the proposed tur- 
bine are the compressor and the turbine 
proper, preferably direct coupled. “The 
compressor is of the multi-stage centrifu- 
gal type, in the design of which atten- 
tion should be directed only to obtain- 
ing a maximum efficiency at the operat- 
ing point and not to flat pressure char- 
acteristic. The most critical part is the 
turbine wheel, as it has to operate at the 
highest possible temperature, maintain 
high peripheral velocity, and be of a 
design consistent with high efficiency. 
A radial reaction wheel is recommended 
to be surrounded by a volute-shaped noz- 
zle of double-wall construction with the 
inner wall insulated from the outer 
which, being cooler, relieves the inner 
one from pressure stresses. 

The matters of air preheater and burner 
are next discussed, particularly what are 
claimed to be novel features of the latter. 
Operation of the burner differs from that 
of usual ones in that the pressure is above 
atmospheric which requires special pro- 
vision for ignition. 


To regulate the unit for a varying de- 
mand of power at constant speed it is 
necessary to use a temporary quick-acting 
element superimposed on a slow perma- 
nent change. Details of this will be 
found in the original article. The ma- 
chine does not appear to have been built. 
As future improvements, are suggested 
overexpansion at the turbine wheel to 
reduce the temperature of the gases pass- 
ing through the blade channels, possibly 
together with a higher combustion tem- 
perature than this would permit. (Wm. 
E. Trumpler, Power, vol. 79, no. 2, 
February, 1935, pp. 78-80, 3 figs.) 


Small Diesel Engine 


HERE is a growing conviction 

among engineers that one of the im- 
mediate goals of Diesel engineering lies 
in the development of the minimum-size 
motor. The small Diesel motor is not 
new in itself, but until recently the small 
motors had comparatively large cylin- 
ders and low speeds, which meant that 
their volumetric efficiency was very low. 
The small Diesel which Diesel himself 
presented in 1902 to the Technical High 
School of Munich had an output of 8 
hp, cylinder bore 165 mm, stroke 270 
mm, and ran at 270 rpm for a piston- 
swept volume of 5.77 liters and the low 
output of 1.39 hp per liter of volume. 

The single-cylinder air-injection 50- 
hp motor built in 1920 ran at 216 rpm, 
and with a bore of 325 mm and stroke of 
510 mm showed a piston-swept volume of 
42.35 liters and output of 1.19 hp per 
liter. Very great changes have taken 
place since then, and of late motors have 
been developed with extremely small 
cylinder dimensions. Thus, for example, 
the Lanova Company, of Munich, has 
built a single-cylinder motor with a bore 
of 60 mm, stroke of 100 mm, and piston- 
swept volume of 0.28 liter, as well asa 
six-cylinder engine with bore of 58 mm 
and stroke 94 mm, the latter running at 
3600 rpm. It was not easy to create a 
Diesel engine with such small cylinders 
either for speeds of 500 to 1000 rpm for 
stationary units or for motor-vehicle 
drive with speeds up to 3000 rpm. First 
of all suitable pumps and nozzles had 
to be developed, and the solution of this 
problem has certainly not been assisted 
by the passage within the last few years 
from air injection of fuel to airless in- 
jection. It was further necessary to 
establish that the jet-injection method 
which showed up so well in large en- 
gines did not work out as well in small 
engines of the fore-chamber and _air- 
storage types. This is due to the fact 
that in the very small cylinders of the 
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small motors there is no large combus- 
tion chamber necessary for the jet injec- 
tion process. This and other considera- 
tions led to the conviction that it is only 
with special constructions of the injec- 
tion and combustion mechanism that 
Diesels could be built with cylinders 
such that the piston-swept volume is less 
than !/¢ liter. 

From this the author proceeds to the 
description of individual construction 
of small motors. Only some of the 
features of this part can be abstracted 
here. The Humboldt-Deutz Motor Co. 
has recently developed small Diesels 
equipped for burning domestic fuels, such 
as brown coal and bituminous-coal-tar 
oils. The smallest Deutz Diesel is a 
high-speed horizontal fore-chamber type 
producing 4 hp at 1200 rpm with a bore 
of 80 mm, stroke of 110 mm, and an out- 
put of 7.25 hp per liter at a pressure of 5.5 
atm up. These figures would indicate 
that the fore-chamber type of Diesel, 
which has been lately developed for 
burning low-grade fuels and showed up 
very well in the utilization of the heat 
content in the fuel or specific fuel con- 
sumption, stands out well in competition 
with other Diesel-engine constructions 
in reference to load capacity, which 
means maximum value of the average 
effective pressure p, and output per liter. 
For industrial purposes where a larger 
power output is required the Deutz com- 
pany has a horizontal, slower running, 
fore-chamber machine built with a cam- 
shaft located along the longitudinal 
axis of the motor. This engine is avail- 
able in sizes from 14 hp at 700 rpm to 40 
hp at 400. The same company also 
builds a vertical motor for outputs from 
6 to 9 hp, the former at 1000 and the 
latter at 1500 rpm. 

The Giildner motors are built primarily 
for agricultural and industrial purposes. 
They are of the horizontal type equipped 
with evaporative cooling. These ma- 
chines are provided with Lanova air 
storage. It is claimed that this latter de- 
vice is very well adapted for small Diesel 
engines and permits a highly improved 
utilization of the space in the cylinder 
for purposes of power generation. Quite 
recently a four-cylinder Lanova motor- 
vehicle engine was built with an output 
of 40 hp at 1200 rpm and piston-swept 
volume of 1.27 liters per cylinder. It is 
started on gasoline with a greatly re- 
duced compression pressure and can be 
then shifted to running as a Diesel. The 
starting is done by hand, which means 
elimination of such electrical appliances 
as battery and starter 

More attention has been recently paid 
in small Diesels to the matter of reliable 
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starting, which led to the installation of 
ignition-assisting devices even in the 
case of air-storage motors, which, it is 
said, can be easily started even in very 
cold weather by reducing the compres- 
sion pressure. The small Diesels of the 
Munich-Sendling Co. built in sizes of 
7.10 and 15 hp use the Acro air-storage 
system. As they are intended chiefly for 
use in agricultural and industrial plants, 
they are built as horizontal single- 
cylinder four-stroke-cycle type with 
evaporative cooling. The piston ‘is of 
light-weight metal. The starting is done 
by hand, the compression pressure being 
reduced by a spring-loaded decompression 
lever and is so maintained until a suitable 
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HIGH-PRESSURE JET-INJECTION 
THE LINKE-HOFFMANN-BUSCH CO. WITH AIR STORAGE IN THE PISTON 


through an automatic air-release valve, 
all possibility of leakage of oil mist from 
the crankcase is precluded. Motors 
under 20 hp are started by hand and above 
that by compressed air. The air bottles 
are refilled by the motor when it is run- 
ning. The original article shows a 
locomobile that is equipped with such a 
motor. 

The horizontal Modaag Krupp four- 
stroke-cycle Diesel was built for com- 
paratively low speeds, 400 to 550 rpm. 
In order to facilitate starting it by hand 
a special device was installed wherein by 
means of an appropriate gearing an air- 
release valve which is opened to reduce 
the compression pressure is closed auto- 
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Brennstoff-Einspritzventil = fuel injection valve; Zandlunte z. Anlassen = starting ignition torch; 
4 = air storage chamber in piston; 4 = attachment of air storage chamber; c = fuel injection 


nozzle; d= 


inlet valve; ¢ = exhaust valve; 


f = valve pocket; g = piston rings; 4 = oil- 


sweep rings. ) 


velocity is reached. The Sendling small 
Diesel produces 7 hp at 1000 rpm as the 
mean effective pressure of 5.5 atm abs 
and with cylinders of 100 mm bore by 
146 mm stroke. 

The small motor of the Linke-Hoff 
mann-Busch Company, Breslau, works on 
the four-stroke cycle. Machines for the 
larger output are equipped with direct 
high-pressure jet injection, using a 
multiple-passage nozzle. Smaller ma- 
chines are equipped with nozzles which 
inject the fuel into a special turbulence 
chamber (Fig. 2). Some of the hori- 
zontal type engines are equipped with 
direct injection with an air-storage cham- 
ber located in the piston (Fig. 3). 

The smallest motor equipped with the 
turbulence chamber runs at 1250 rpm 
and has a bore of 95 mm, stroke of 120 
mm, and a piston-swept volume of 0.85 
liter. A peculiar feature of the Linke- 
Hoffmann-Busch motors consists in the 
fact that being equipped with a device 
for taking away the oil mist by suction 


matically after six revolutions, so as to 
produce ignition of the fuel. 

Of unusual construction are the two- 
stroke-cycle engines built by the Junkers 
Diesel Motor Co., Scharfenstein. They 
are valveless, port-operated, opposed- 
piston engines, the smallest unit produc- 
ing 8hp at 1000rpm. The piston-swept 
volume, taking both pistons into ac- 
count, gives 0.69 liter, which for the 
maximum output of 12.5 hp at 1500 rpm 
provides the unusually high volumetric 
output of 18 hp per liter, as well as the 
average pressure pe = 5.4 atm abs, which 
is extremely favorable for two-stroke 
cycle engines. A notable feature of this 
motor is that notwithstanding the very 
small size of its combustion chamber it is 
equipped with jet injection. Another 
feature of the engine is the very good 
equalization of moving masses resulting 
in absence of violent vibration. (Prof. 
A. Loschge in Zeitschrift des Vereines 
deutscher Ingenieure, vol. 79, no. 10, 


March 9, 1935, pp. 317-322, 23 figs.) 
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MACHINE SHOP PRACTICE 


Measurement and Specification 
of Surface Finish 


HIS paper deals with surface finish 

from the standpoint of size and shape 
of the irregularities which constitute the 
surface. The method of measurement 
which the author used consists of tracing 
over the surface with a very sharp point 
and magnifying and recording the move 
ments of the point so as to obtain an 
enlarged record of the profile of the 
surface. The instrument used was de- 
veloped by the Physics Laboratory of the 
University of Michigan. It is known as 
the profilograph and has been generally 
described in a paper by E. J. Abbott and 
F. A. Firestone, published in MecHanicat 
ENGINEERING, September, 1933, pp. 569 
572. 

The article here abstracted shows to 
scale profilograms of the surface irregu- 
larities of three typical finishes. The 
outstanding feature of all three surfaces 
is clearly the extreme bluntness of the 
irregularities. In each case the width 
of a hill or valley is from 10 to 50 times 
its height and this seems to be a general 
characteristic of all surfaces measured 
The second feature of machined surfaces 
is the wide range in the size of irregulari 
ties. On rough-boring operations and 
the like the profile may have a depth of 
0.004 to 0.005 in., while on finely finished 
parts such as piston pins, gages, and the 
like, the irregularities may be of the 
order of 5/1,000,000ths, a factor of nearly 
1000 to 1 between coarse, roughing opera 
tions and fine, finishing operations. A 
third feature of surface finish is the ex 
treme range in the shape of the profiles 
On many surfaces no two of the irregu 
larities are alike and the size may vary 
by a factor of about 10 to 1 in a distance 
of a few thousandths of an inch of profile 
On some surfaces the profile curves are 
very irregular, while on others they are 
very regular, and there are many other 
differences between surfaces. 

As regards specification, after examina- 
tion of the profilograms of practically all 
of the usual machining and finishing 
operations, it was decided that the best 
approach to specification is the rate at 
which the bearing area of the surface 
increases as the upper part of the profile 
is removed. Measurements were made 
of the increase of bearing area with depth 
on a number of profilograms, and the 
following specification devised on the 
basis of these measurements. It was 
found that most of the peaks on a surface 
are removed when the bearing area is 
25 per cent, and that when the bearing 
area is 75 per cent only the deeper valleys 
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remain. Accordingly, a surface is de- 
fined in terms of three heights as follows: 

Peak number—the height between the 
2 per cent and 25 per cent bearing area. 

Medial number—the height between the 
25 per cent and 75 per cent bearing area. 

Valley number—the height between the 
75 per cent and 98 per cent bearing area. 

All three numbers are given in inches; 
preferably, in millionths of an inch for 
convenience. The 2 per cent and 98 per 
cent limits were chosen to minimize the 
effort of a single prominent irregularity. 
This specification takes no account of the 
horizontal spacing of the irregularities. 
If it is desired to do this, it appears that 
the number of times the profile curve 
crosses the 50 per cent bearing-area line 
in a given distance would be a good 
rating. 

The author discusses next the surface 
waviness and then proceeds to a con- 
sideration of practical methods of rating 
finish. Methods hitherto suggested have 
been microscopic examination, profile 
microscopic examination, profile-section 
method (a specimen is carefully copper- 
plated, cut so as to expose the profile of 
the surface, and the cut carefully polished, 
whereupon the profile can be examined 
microscopically), pencil-lead method 

roughness of surface is estimated by the 

rate at which a pencil lead is worn away 
when it is drawn over the surface at a 
certain speed under a given pressure), 
electrical pick-up method, and visual 
comparison with profilographed stand- 
ards. 

The original article shows profilograms 
of several typical surfaces bringing out 
differences in size and shape of irregu 
larities. Practical attention is called to 
the difference in looks between the sur- 
face of a bore in cast iron and the same 
followed by partialhone. (CE. J. Abbott, 
Research Physicist, University of Michi- 
gan, in S.A.E. Journal, vol. 36, no. 3, 
March, 1935, pp. 112-116, 4 figs.) 


Brazing With Silver Solders 


N THE specifications for silver solders 

of the A.S.T.M. (B 73-29) the con- 
tent of silver runs from 10 to 80 per cent. 
These alloys have high tensile strength 
and produce malleable castings which 
can be drawn into various sizes of wire or 
rolled into sheets of different thicknesses, 
thus allowing the solders to be supplied 
in the most convenient form for any 
particular class of work. The original 
article gives a liquidus diagram of silver- 
copper-zinc alloys. The importance of 
knowing both the melting and flow 
points of the particular alloy used for 
soldering is emphasized. The solders 


containing lower percentages of silver 
have higher flow points and therefore 
do not give a good factor of safety if used 
for brazing metals or alloys that may be 
seriously damaged by the higher tem- 
peratures. In such cases the use of 
solders having higher percentages of 
silver and lower flow points are to be 
preferred. The resistance to certain 
types of corrosion is greater in solders 
of high silver content. 

There are different types of electric- 
resistance heating devices available by 
which the heat is applied directly to the 
joint. Thin sheets of silver solder can 
be inserted in the joint and the principal 
advantage over ordinary welding is the 
lower temperature required to flow the 
solder. Many different types of joints 
can be made with this method and by 
using silver solders exceptionally strong 
joints can be obtained at relatively low 
temperatures. 

Proper control of the heat is an im- 
portant factor in obtaining uniform and 
strong joints. Investigations have 
shown that the best silver-soldered joints 
are obtained when there is some degree 
of diffusion between the solder and the 
metal. This diffusion is a time and tem- 
perature reaction and will vary with the 
type of metals being joined. With the 
majority of non-ferrous alloys, micro- 
scopic examinations will show this dif- 
fusion. With steels and alloys which 
have melting points several hundred 
degrees above that of the solder it is 
more difficult to determine positively this 
point, but the evidence obtained from the 
examination of a large number of speci- 
mens at high magnifications would seem 
to justify the statement that some degree 
of diffusion is present in all properly 
made silver-solder joints. An article 
published in Metals and Alloys in No- 
vember, 1931, describes in more detail 
some work which was done in reference 
to the type of bond obtained with silver 
solders. 

The flux is next discussed. A_ flux 
fluid and active at the temperatures ob- 
tained is recommended when making 
strong joints and it is advisable to protect 
both the surfaces along the joint and the 
solder with the flux. 

It is a practice in some plants to assume 
that sufficient flux will adhere to the 
solder to clean off any oxide but the ob- 
jection to this is the formation of oxides 
on the surface of the joint while the 
heating is being done; the time spent in 
protecting joints with flux during the 
heating is justified. Some users put flux 
along the joint but neglect to protect 
the solder because it requires an extra 
operation. It is a simple matter for the 
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workman to dip the end of the solder 
into a small can of flux paste, and this 
added precaution against troubles from 
oxidation is advisable. One of the ob- 
jections which is raised to spreading the 
flux along the joints is that the solder 
will flow over the surface at the sides of 
the joint where it is not needed. If the 
pieces to be joined are jigged so that the 
workman is free to apply the solder 
properly he will use only a sufficient 
amount to fill the joint and there should 
be no appreciable waste of solder from 
this source. 

A number of special solders are men- 
tioned. Part of the copper and zinc in 
standard silver solders may be replaced 
by nickel or manganese or both. Some 
of these alloys are not as free flowing as 
the regular silver solders, but satisfac- 
tory joints can be made with them at 
approximately the same temperatures. 
One of the fields where these alloys 
might find more extensive use is in braz- 
ing stainless steel. It is noted in this 
connection that strong joints in stainless 
steel can be made with several composi- 
tions, but the temperatures required for 
the use of silver solders come within what 
has been generally accepted as the critical 
range where carbon precipitation occurs. 
This is probably one of the reasons why 
silver solders have not been more widely 
used. It is possible to produce a malle- 
able and ductile silver solder containing 
sufficient combined zinc and cadmium 
to bring the flow point below 1200 F 
A silver solder which will flow at tem 
peratures below 1000 F is also discussed 
The problem does not seem to have been 
definitely solved. (Robert H. Leach, 
Mer., Handy and Harman, in The Welding 
Journal, vol. 13, no. 12, December, 1934, 
pp. 23-27, 1 fig.) 


POWER-PLANT ENGINEERING 


Recent Developments of the Industrial 
Turbine 


HE term ‘‘industrial turbine’’ is 

here applied to turbines which are 
used for power generation in industrial 
works and which also supply a certain 
amount of steam at definite pressures 
for process work. 

The commonest type of industrial 
turbine is the bleeder turbine, but in a 
number of cases where the greater part 
of the steam is required for process 
work, it is preferable to employ a back- 
pressure turbine which reduces the pres- 
sure of a certain proportion of the steam 
for process work and provides sufficient 
power to run the factory. Heavy steam 
requirements for process work will, in 
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many cases, lead to an overproduction 
of electrical power which can then be 
returned to the public supply mains. 

The development of high-pressure 
steam plants has rendered it necessary 
to devise turbine designs for dealing with 
high-pressure steam which are also 
capable of insuring the maximum econ- 
omy in the use of the steam. The de- 
velopment of the modern industrial tur- 
bine is thus, in general, characterized 
by the endeavor to improve the efficiency 
of the high-pressure stages at increasingly 
high pressures. 

Prior to the advent of the high-pressure 
movement, the chief means of reducing 
high steam pressures was the Curtis 
wheel, and a particularly efficient ma- 
chine is obtained if, instead of using a 
single Curtis wheel with two or three 
rows of blading, the heat drop is spread 
over a number of pressure stages, usually 
three. 

The individual impellers which are 
in one piece with their shaft carry blading 
which operates on the reaction principle. 
This may lead to certain troubles which 
are discussed in the original article. It 
is known now that an increase in the 
steam pressure must bear a definite 


quantity of steam per hour as a function 
of the working pressure, one for the 
condensing turbine and the other for a 
back-pressure turbine. 

For larger values of the pressure drop a 
larger number of stages becomes neces- 
sary, the number increasing inversely as 
the volume of steam, that is, the higher 
the pressure. This necessitates earlier 
recourse to the double-flow system in the 
case of high-pressure turbines, i.e., the 
arrangement of the stages in two sepa- 
rate cylinders. For a time this practice 
was overdone. The influence of the 
steam velocity was overrated and, al- 
though only justifiable up to a point, 
engineers ended with a number of stages 
which could not even be accommodated 
in two cylinders. This was the period 
which saw the advent of turbines of 
three and more cylinders. Today, how- 
ever, there is a marked tendency to 
economize space again, not only in de- 
signing industrial but also power-station 
turbines, and to return to the single- 
cylinder turbine which is cheaper. 

For turbines of larger output the most 
suitable design is the arrangement of reac- 
tion blading on one single drum. With 
this design a flat steam-consumption 
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FIG. 4 


relationship to the volume of steam pass- 
ing through the turbine if a certain value 
of the efficiency is to be attained. If 
the pressure exceeds the predetermined 
value, the efficiency will fall off rapidly 
so that the increase of the pressure re- 
sults in no economic advantage. A safe 
rule of thumb which is also demon- 
strably correct in theory is that the steam 
pressure in atmospheres should be ap- 
proximately double the volume mea- 
sured in tons per hour. The original 
article contains two sets of curves for 
the determination of the most favorable 
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curve at partial loads is also obtained by 
the provision of a regulating wheel with 
constant-pressure blading and partial 
admission. 

An essential feature of impulse blading 
is the use of higher steam velocities and 
sharper deflection of the steam flow, 
whereas reaction blading works with 
smaller pressure differences and in conse- 
quence with low velocities and less sharp 
deflection of the steam. The blade ef- 
ficiency of the latter type of turbine is 
therefore somewhat higher. However, 
the maintenance of a certain efficiency, 
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inclusive of the leakage losses, necessi- 
tates the adjustment of a definite clear- 
ance between the rotating and stationary 
parts of the blading. In the case of the 
impulse turbine it is the axial clearance 
which is important, while in reaction 
turbines the radial clearance must not 
exceed a certain value. 





a Stationary Housing with Guide Blad 
b = Impeller with Rotating Blades 

é Radial Clearance of Blades 

d = Radial Clearance of Packing | | | 
e — Axial Clearance of Impeller ‘) | | 
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FIG. 5 
OF BLADING OF BACK-PRESSURE RADIAL 
TURBINE, SIEMENS-SCHUCKERT TYPE 


BLADE CLEARANCES AND DIAGRAM 


In addition, however, the leakage 
losses at the points where the shaft 
issues from the housing and within it 
must be kept as low as possible. This 
means that the clearances must be as 
small as possible, necessitating the mini 
mum distance of centers to the bearings 
in order to avoid bending of the shaft and 
to insure rigidity of the same. This 
places a limit on the number of stages of 
the axial turbine and hence on the effi- 
ciency obtainable per cylinder. 

The author comes to the conclusion 
that in developing new designs the axial 
expansion must be kept as small as pos 
sible in order to insure that the neces- 
sarily small clearances shall be main- 
tained at all temperatures and especially 
under sudden changes of the load. This 
has led to the complete abandonment of 
the axial arrangement of the blading and 
the adoption of the radial direction of the 
steam flow. The Siemens-Schuckert 
Company then undertook the develop- 
ment of designs intended to permit of the 
best possible utilization of the pressure 
drop at small outputs. In the design 
developed the blading is arranged radi- 
ally in concentric rings, it being claimed 
that this design possesses a high degree 
of thermal flexibility. One or two rotors 
are used depending on the steam condi- 
tion. Several designs are described in 
the original article—one with two disks 
with a definite number of blade rings. 
In the second basic type two impeller 
disks are used carrying concentrically ar- 
ranged blading usually with nozzle regu 
Jation. The twin-wheel turbine is usu- 
ally designed for the so-called U-flow 
arrangement of the steam which means 
that the steam enters the first set of blad- 
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ing from the outside and flows inward, 
the direction being reversed in the second 
set of blading. With such an arrange- 
ment and proper equalizing labyrinth 
the rotor is subjected to practically no 
axial thrust. The general design of 
these turbines is shown in Fig. 4. 

The blading (Fig. 5) is the result of a 
new process of manufacture. The runner 
blades are fitted to the disks in concentric 
rings, while the guide blades are fitted 
to special carriers. Special attention 
has been paid to insure uniform expan- 
sion. By suitable choice of the pitch 
diameters and angular setting the ratio 
of the blade lengths has been maintained 
practically constant over the whole 
range of expansion, which has a very 
favorable effect on the steam flow. The 
fact that the blades are connected to the 
disks by necks of small section prevents 
the dissipation of the heat into the iron 
masses, thus preventing unnecessary heat- 
ing of the disks and consequently also 
deformation of these or the guide rings. 
The design is specially suitable for opera- 
tion at very high temperatures, and it is 
distinguished for the short time in which 
it enables the turbine to run up to speed. 
The blades are manufactured from high- 
grade alloy steel on modern hydro- 
dynamic principles, and have streamline 
form, so as to insure low losses at part 
load. 

The same design can also be used for 
the high-pressure stages of bleeder tur- 
bines. The space between the two impel- 
lers can be used for a connection for live 
or bled steam. The low-pressure cylin- 
der may be provided with nozzle regula- 
tion, that is, a Curtis wheel with adja- 
cent drum part, which, in conjunction 
with reaction blading, insures good utili- 
zation of the low-pressure steam. Where 
the latter is not desired the low-pressure 
cylinder may be made to consist of a very 
few stages, usually only two, which can 
be accommodated in the high-pressure 
part, the steam being fed through low- 
pressure valves and nozzles to these last 
few stages. For turbines of this type a 
new kind of oil-hydraulic governor is 
used which works on the principle of 
volumetric change at constant pressure. 
(Dr. of Engrg. H. Melan, Siemens-Schuck- 
ert, Central Station Dept., in Siemens 
Review, vol. 11, no. 1, 1935, pp. 1-8, 19 
figs.) 


Unusually Large Diesel 


ECENTLY a double-acting two- 
stroke-cycle Diesel engine with 
a maximum output of 13,700 bhp was 
tested at the Works of Sulzer Bros., Ltd., 
Winterthur. This engine is intended for 
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the French Company's power station at 
Shanghai, China, and is claimed to be the 
largest Diesel yet designed. It is built 
for a continuous output of 11,400 bhp, 
has eight cylinders, and runs at 136 rpm. 
Fuel injection is by air supplied by two 
three-stage compressors on the engine. 
This method of injection was adopted in 
order to use fue] with a high asphalt 
content. The scavenging air is provided 
by a double-acting tandem pump integral 
with the engine. 

At the upper cylinder end fuel is intro- 
duced into the combustion space through 
a single fuel valve. The lower combus- 
tion space has two pockets in the cylinder 
cover on the lowest and coolest points 
for fuel valves. All valves including a 
safety and a pneumatically operated 
starting valve located in the lower 
cylinder cover are arranged with vertical 
axes so as to obviate uneven wear. Each 
upper and each lower combustion cham- 
ber has its particular fuel pump with ec- 
centric drive and regulating mechanism. 
Fuel is delivered to each valve during the 
early part of the compression stroke and 
remains there until admitted. Quantita- 
tive regulation is effected by the governor 
with varying stroke of the suction valve. 
The engine is controlled by means of a 
handwheel, an indicator showing the 
various positions. After one turn from 
the position of rest, starting air is admit- 
ted and the injection-air stop valve is 
opened. The engine revolves and a fur- 
ther turn causes fuel to be delivered to 
the upper cylinder ends which begin 
to fire. By further turning the hand- 
wheel, starting air is cut off and fuel 
successively delivered to the lower cyl- 
inder ends. The normal starting air 
pressure is 425 lb per sq in., but a pressure 
of 220 lb per sq in. is sufficient to start 
up. To stop the engine, two further 
turns are given to the handwheel, where- 
by the fuel pumps are put out of action, 
injection air is cut off, and the piping 
vented. 

The increasing power of Diesel units 
and the more general adoption of the 
double-acting principle with consequent 
larger resistance to governing influence 
call for more powerful governing action 
than is possible with mechanical means. 
Governing systems employing  servo- 
mechanism, therefore, become necessary. 
For the exacting conditions of parallel 
working,whichthe multi-cylinder double- 
acting engine with its small cyclic ir- 
regularity fully satisfies, a high degree of 
sensitivity and rapid operation are re- 
quired for the governing organ. These 
demands are fulfilled by the hydraulic 
governor. The arrangement consists es- 
sentially of a pump driven directly from 
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the crankshaft delivering oil at a pressure 
varying in accordance with the speed of 
the engine and a servo-motor acting on 
the regulating mechanism of the engine 
Ci.e., the fuel pump by-pass valves, the 
fuel-needle lifting gear, and the air-com- 
pressor throttle). (R. W. Millery, Mod- 
ern Power and Engineering, vol. 29, no. 2, 


February, 1935, pp. 27-30, 3 figs.) 


Sodium Sulphite as a Means of Inhibiting 
Corrosion in Boilers 


HIS is a method of chemical deaera- 

tion to which a good deal of atten- 
tion has been called lately. A known 
amount of the material may be dissolved 
in a given amount of water and the solu- 
tion fed periodically or continuously to 
the feedwater after it has passed through 
the mechanical deaeration equipment. 
It may be fed into the water with other 
chemicals. Periodic dosing is satisfac- 
tory if economizers are not used. When 
economizers are used it is necessary to 
carry a constant feed of the sulphite 
solution to prevent corrosion within the 
economizer because of the liberation of 
oxygen when heat is applied. 

So far as the boiler itself is concerned it 
may be protected against oxygen corro- 
sion by the maintenance of sodium sul- 
phite in the water to the extent of about 
30 ppm of water. A table is given in the 
original article showing the sodium- 
sulphite requirements. The author gives 
the method of calculating the theoretical 
requirements of sodium sulphite in water, 
some practical suggestions and a method 
for determining the amount of sodium 
sulphite present. The latter is described 
in detail. (CK. R. Fox, Monsanto Chemi- 
cal Co., St. Louis, Mo., in Southern 
Power Journal, vol. 53, no. 2, February, 
1935, pp. 30-32, illustrated) 


“Mulsifyre’”’ Pipe System for 
Extinguishing Oil Fires in 
Power Stations 


HIS system, developed in England, is 
so designed that a finely divided 
spray of water is directed on to the 
affected part. At first it may be thought 
that such an arrangement is unsuitable 
for use about high-tension electrical cir- 
cuits, but tests carried out by the Central 
Electricity Board (Great Britain) in 
November, 1932, showed that a spray of 
this kind is non-conductive and that 
there is no danger in playing it on a 132- 
kv line. There is even no danger in 
playing it on to conductors working on 
this pressure from a short distance if the 
hose nozzle is earthed. 
As regards the application of this sys- 
tem to generating plants and substations, 
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it is recommended that the turbines be 
protected by dwarf walls 2 in. or 3 in. 
high to act as a catchment area in the 
basement and that the whole of this area 
be commanded by a series of *‘Mulsifyre’’ 
projectors. Alternatively, the projec- 
tors can be mounted above and around 
the oil coolers, filters, tanks, and pipes, 
so that in the event of fire the whole of 
the exterior of this apparatus is directly 
bombarded by the emulsifying spray. 
Engineering, vol. 139, no. 3601, Jan. 18, 
1935, pp. 61-62 


Turbine Lubrication 


HE author states that purification of 

lubricating oil in a modern plant is 
recognized as being more economical 
than running an oil until its character- 
istics make it imperative to provide a 
new supply. He lists the indexes for 
suitability of an oil and gives some in 
formation as to the removal of water from 
oil and on filtration. 

The following operating data on large 
turbines are given. Temperature of oil 
from the oil cooler varies from 95 to 
110 F but the return temperature to the 
cooler from either bearings or the gover- 
nor system does not exceed 140 F and the 
majority run under 130 F. Higher tem- 
peratures accelerate oxidation. Most 
plants prefer to operate on a regular 
schedule of centrifuging—either a cer- 
tain number of hours per day, varying 
from six to eight, or by-passing continu- 
ously five to ten per cent of the oil in 
flow and returning this oil directly back 
into service. Make-up oil is also added 
at varying rates per month. The peri- 
ods of operation between complete 
withdrawals of oil vary, but since a 
heavily loaded turbine usually comes 
out of service once a year for an annual 
inspection, the oil is usually filtered 
annually. This period can, in some 
cases, be extended, as samples of oil are 
withdrawn periodically and indicate no 
material change upon close visual ex- 
amination. Settling must be allowed 
before a comparison is made. In the 
case of Diesel plants lubricating oil re 
ceives more severe service, in particu- 
lar because of cylinder lubrication, and 
records for municipal plants show a 
period of 3000 to 5000 hr between com- 
plete withdrawals and batch filtration. 
Continuous by-pass centrifuging is also 
employed in the latter plants. 

When filling the oiling system with 
oil, it has proved wise to run this oil 
through a fine strainer before it reaches 
the turbine oil reservoir, and when a 
turbine is first started, to check carefully 
oil temperatures throughout the system 


on the regular operating thermometers 
before loading the machine. An operat- 
ing convenience employed is the sight 
overflow, which gives the turbine oper- 
ator a means of noting quickly whether 
or not the system is operating satisfac- 
torily. 

The author considers the possibility of 
separating bearing lubrication and gover- 
nor oil as also promising. A separate 
pump located on the main operating floor 
and supplying non-inflammable fluid to 
the governor system would improve the 
fire-hazard situation. Diphenyl oxide 
is not satisfactory as it is inflammable 
though a good lubricant. (Gustav A. 
Gaffert, Asst. Prof. of Steam Engineering, 
Worcester Polytechnic Inst., in Power 
Plant Engineering, vol. 39, no. 2, Febru- 
ary, 1935, pp. 99-101, 2 figs.) 


Overall Station Heat Consumption as 
Affected by Condensing-Water Tem- 
perature 


FTER discussing the subject in gen- 

eral the author gives a series of 
charts showing change in heat rate due 
to change in circulating-water tempera- 
ture, this being intended to show graphi- 
cally the relation between economy and 
circulating-water temperature at differ- 
ent loads. Some of these curves are 
adaptation of manufacturers’ vacuum- 
correction curves on the machine on 
which the tests were made, and show per- 
centage of loss or gain in heat consump- 
tion above and below 1 in. abs exhaust 
pressure as a base. The curves of the 
second set are plotted from test data and 
show the percentage of loss or gain due 
to condensate temperature with 80 F 
(1 in. abs pressure) as the base. The 
equation used for determining points for 
these curves is given in the original 
article. 

The curves of the third set are derived 
from the other two sets and show net gain 
or loss due to circulating-water tempera- 
ture. It is readily seen from a study of 
these curves that the most desirable 
range of circulating-water temperature 
is as follows: 


Load, Circulating 
kw water, F 
25,000 45 to 50 
20,000 48 to 53 
15,000 53 to 58 


The results of these studies and the 
several years of operating experience 
were instrumental in obtaining an ap- 
propriation for building recirculating 
equipment. Since continuity of service 
is of paramount importance, and since 
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ice at the intake had caused considerable 
trouble, even to the point of partial plant 
shutdowns, there was a double reason for 
desiring such equipment. The recircula- 
tion equipment consists of a floating 
structure having slots through which 
planks are lowered to shut off part of the 
flow of river water to the intake and to 
direct the flow of part of the discharge 
water back to the intake. 

The recirculation was put into opera- 
tion in the fall of 1932 with 40 F estab- 
lished as a desirable temperature at which 
to hold the circulating water. During 
the two years of operation with partial 
recirculation of condensing water 
through the cold months there has been 
no surface hazard whatever due to ice 
and no drop in efficiency. The approxi 
mate saving is calculated in Table 1 to 
be $4230. 


TABLE 1 
Average annual cost chargeable to ex- 
tra labor on account of ice before 
Eee OT 
Annual loss due to drop in efficiency 


(basis, present conditions)....... 3870 .00 
$4630.00 
Annual maintenance expense on re- 
circulating equipment........ 250.00 
Chargeable to depreciation of recircu- 
lating equipment—25 per cent on 
$600..... eters eer vo» Sae.0O 
400 .00 
PUGS AMY 3 viiainsinescreiececeraiciae: QaRIOvOO 


C. F. Moulton, Asst. Operating Engr., 
Nebraska Power Co., in Combustion, vol. 
6, no. 8, February, 1935, pp. 26-27, 3 
figs.) 


Flexibility of Boiler Operation 


HE original article is entitled ‘‘Mul 

tiple Retort Gravity Underfeed 
Stoker.’" Speaking of the Battersea 
Power Station of the London Power Co., 
Ltd., the author states that some load- 
variation trials had been conducted on 
the Battersea boilers which reflected the 
flexibility characteristic of the stokers 
In these the rate of steam flow was altered 
considerably for the purpose of testing 
the feedwater regulators. Figures were 
obtained which showed an approximate 
increase in steam flow equal to the full 
normal output of the boiler (250,000 Ib 
per hr) in 9 min and to a reduction of 
the steam flow of about 300,000 lb per 
hr in 12 min. 

The author refers also to tests carried 
out at the Westkraftwerke of the Berlin 
Electrical Supply Co., of Berlin, Ger- 
many. There are eight boiler units in 
the station, each having a normal evapo- 
ration of 265,000 Ib per hr and a 








May, 1935 








maximum continous 
330,000 Ib per hr. 
The first flexibility test in this station 
was conducted on a boiler which after 
being banked for a period of 31/2 hr, was 
raised to normal rating of 265,000 lb per 
hr in 4 min 50 sec. As the load for the 
boiler under test had to be taken from 
the other boilers which were in com- 


evaporation of 


mission, the rate of increase in load 
from the boiler under test was such 
that blowing of safety valves oc- 


curred. 

Accordingly, further tests were planned 
with a boiler coupled directly and inde- 
pendently to a turbine and arrangements 
were made to feed the steam to that tur- 
bine in such a manner as would insure 
the maintenance of the best possible 
conditions approximating constant drum 
pressure. 

While the boiler was steaming at 
265,000 Ib per hr the fuel feed and air 
supply were stopped and readings of 
steam output and steam pressure were 
taken every 10 sec during the ensuing 
fall in load. The boiler was then main- 
tained in a banked condition for a period 
of 12 hr and at the end of this 12-hr 
period the forced and induced-draft fans 
and coal feed were started up in order that 
the boiler might be loaded as quickly as 
possible. 

Readings on steam flow and drum pres- 
sure were made every five seconds during 
the load increase. It was found that the 
turbine could not take the steam quite as 
quickly as it was generated and there was 
a consequent rise in pressure during the 
rise in load. 

The time required to reach the normal 
rating of 265,000 lb per hr was 53 sec 
and the load continued to rise thereafter 
to a peak of 360,000 lb per hr before re- 
turning to its normal output and there- 
after continuing in service at this same 
output. 

As regards improvements in design it 
is stated that the most important single 
factor will be further development of the 
science of metered air supply. This is 
now being evolved to operate on a semi- 
automatic basis and may finally be placed 
on a fully automatic basis. 

As regards the use of high air tempera- 
tures with multiple-retort-gravity-under- 
feed stokers, it is stated that tempera- 
tures of 500 F are already being used in 
practice and it is expected that tempera- 
tures of over 600 F will be used safely in 
the course of time. (Paper by W. M. 
Dodds before the London Technical 
Group of the Electrical Power Engineers 
Association, abstracted through The 
Steam Engineer, vol. 4, no. 6, March, 


1935, pp. 228-229) 





REFRIGERATION 


Specific Heats of Certain Liquid Re- 
frigerants 


HE author possesses a simple calorim- 

eter particularly adapted for mea- 
suring specific heats of liquids at tempera- 
tures between 10 and 20 C. He has per- 
formed measurements on dichlorethylene, 
methylformiate, and vinyl bromide and 
believes that the average values which he 
obtained and quotes are accurate within 
+ 1 per cent. Dichlorethylene is used 
as a refrigerant in refrigerating machinery 
working with turbo-compressors. The 
technically pure material such as is 
found in the trade is a mixture of 
two stereoisomeres, namely, cis-dichlor- 
ethylene and trans-dichlorethylene. If 
it is subjected to fractional distillation, 
a more volatile fraction (I) where cis- 
dichlorethylene predominates is found 
together with a less volatile fraction (11) 
containing predominantly trans-dichlor- 


ethylene. These fractions show the 
following physical properties: 
| II 
Normal boiling point,C.. 49 to 50 56 to 57 
Specific weight of liquid 
at20C, gpercucm.... 1.265 1.283 
When measuring the specitic heats 


it was found that at an average tempera- 
ture of about 15 C, material (1) gavec = 
0.281 as an average of six observations, 
and material (II) c = 0.278 as an average 
of five observations. 

Since the specific heats of the two iso- 
meres do not differ much, one may for 
most practical purposes call ¢c = 0.28 
kcal per kg deg C, which is the specific 
heat of trade dichlorethylene. 

In recent years much attention has been 
directed to methylformiate as a refriger- 
ant and it is used, for example, in the do- 
mestic refrigerator of the General Electric 
Co. equipped with rotary compression. 
Data as to the specific heats of liquid 
methylformiate are contradictory and 
were therefore subjected to experimental 
verification. According to Berthelot and 
Ogier the average specific heat between 
13 and 39 C is 0.516 while Miiller has 
found 0.475 for the range of temperature 
between O and 20 C, and 0.478 for the 
range between 12 and 20C. 

As the average of five determinations 
with methylformiate purified by frac- 
tionation it was found that the specific 
heat at about 15 C is c = 0.483 kcal per 
kg deg C. Vinyl bromide has been re- 
cently suggested as a refrigerating me- 
dium for use with turbo-compressors. 
The author measured the more important 
physical properties of this material, 
among them the specific heat of the liquid 
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and found that at 15 Cc = 0.240 kcal 
per kg deg C. The general data of the 
tests are presented in Table 1. 


TABLE 1 
Specific heat of 
liquid at 15 C, 
Material Formula kcal per kg deg C 


Cis-dichlor- 
ethylene 
Trans-dichlor- 
ethylene 
Methylformiate 
Vinyl bromide 


C2HeCle 0.281 = 0.005 


C2H2Cle 0.278 = 0.005 
HCOOCH; 0.483 += 0.007 
CoH3Br 0.240 = 0.004 


(Wilhelm Mehl, communication from 
the Institute for Refrigeration of the 
Technical High School in Karlsruhe, ab- 
stracted through Zestschrift fur die Gesamte 
Kalte Industrie, vol. 41, no. 9, Sept., 1934, 
pp. 152-153, ¢) 


STEAM ENGINEERING 


Investigation of Steam-Turbine 
Operation by Means of 
Compressed Air 


HE author claims that recent prog- 

ress in rheology due mainly to inten- 
sive research in the field of aerodynamics 
has not yet been felt sufficiently in steam- 
turbine engineering. This is due chiefly 
to the extreme difficulty of experimenting 
with high-temperature steam, high pe 
ripheral velocities, and small blade dimen- 
sions, which make the apparatus inac- 
cessible, and to complications resulting 
from condensation of steam in the pas- 
sages. 

The author attempts to carry on re- 
search on steam turbines by using air 
instead of steam and by carrying on tests 
on enlarged scale models, in the belief 
that this presents an opportunity of see- 
ing what is happening in the passages 
and of localizing losses. In order to 
make this possible, however, it becomes 
necessary to determine to what extent 
the substitution of air for steam is per- 
missible. In other words, it is necessary 
to establish the similarity between the 
operation of the model on air and the 
actual turbine on steam. The treatment 
of this problem is mathematical and not 
suitable for abstracting. The conclusion 
to which the author comes is that in 
order to substitute one active fluid for 
another, such as air for steam, it is 
necessary that the two fluids should 
satisfy the following conditions: (1) 
Equal number of atoms; (2) equal Mach 
coefficients (the Mach coefficient is ex- 
pressed by M = c/a, where c is specific 
heat of the fluid and a is the velocity of 
sound); and (3) the same Reynolds 
coefficient. 

From this it would appear that the 
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matter of similarity is not an easy one. 
The geometric similarity of model and 
turbine can be attained comparatively 
easily, but the requirement that the Rey- 
nolds coefficient shall be the same in both 
cases is difficult to satisfy in practice. 
Moreover, without actually solving the 
appropriate differential equations or 
carrying out special experimental work, 
it is difficult to say what effect the differ- 
ence of atomic numbers may produce. 
However, it is possible, at least in some 
cases, to determine what effect a varia- 
tion of k may have on the results, k being 
the ratio of specific heat at constant 
pressure to specific heat at constant 
volume, i.c., k = Cp/ce. This can be 
determined from the Zeuner equation. 

In two different cross-sections f; and f 
differing states will prevail and the 
author proceeds to compare them. This 
is given in Equation [26] of the original 
article which can be materially simpli- 
fied by assuming M, = 0, in accordance 
with the Bernoulli equation, M, being 
the Mach coefficient for the given state. 
The equation thus obtained incidentally 
does not contain k. In the first approxi- 
mation (with M, small) the number of 
atoms in the fluid is immaterial, which 
means that substitution of air for steam 
is permissible. Equation [26] also shows 
that where the variation of cross-section 
fi/f is the same, the relative pressure 
differences remain constant, which is 
vital for the solution of this problem. 
It may also with good reason be expected 
that frictional flow may be reliably 
measured, providing it is borne in mind 
that the Reynolds and Mach coefficients 
must be as nearly as possible the same. 

The conclusion to which the author 
comes is that as long as the Mach co- 
efficients do not exceed the range of from 
0.5 to 0.7 and there is no great difference 
between the Reynolds coefficients, there 
is no material objection to the use of air 
instead of steam. In any event it is 
practically always possible to investigate 
by this method of substitution the proc- 
esses in the high- and medium-pressure 
stages of turbines, though the applica- 
bility of air tests to the investigation of 
the low-pressure-range remains to be 
established. This does not deprive the 
process suggested here of practical value, 
particularly if it is considered that a 
material share of the losses is produced 
by leakage and short circuits. A method 
that would make these losses easily 
recognizable and measurable would be of 
great value even if its precision is not 
perfect. 

The author gives next examples show- 
ing with what simple means experimental 
data can be obtained with air as an active 


fluid, and such as could be obtained with 
steam only after a laborious process and 
then probably only with a lower degree 
of precision. 

The physical characteristics of air 
affecting tests on models, namely, kine- 
matic viscosity required for the deter- 
mination of the Reynolds coefficient and 
velocity of sound for the determination 
of the Mach coefficient, are given in the 
form of curves (practically straight lines) 
in the original article, and the correspond- 
ing values for superheated steam within 
the technically important range are given 
in two other groups of curves. The 
kinematic viscosity of superheated steam 
has been taken from measurements by 
Speyerer for a range up to a pressure of 
10 atm abs and has been calculated from 
recent measurements of W. Schiller for 
the range of 30 atm abs with extrapola- 
tion for higher pressures and tempera- 
tures. The velocity of sound for various 
conditions of steam has been determined 
from the 1932 Mollier steam tables with 
k = 1.30 for live steam. As an example, 
the case of a two-housing steam turbine 
of recent construction and of 20,000 kw 
capacity is used. This turbine runs at 
3000 rpm and is supplied with live steam 
at 30 atm abs and 450 C, working against 
a condenser pressure of 0.04 atm abs. 

According to the curves in the original 
article the kinematic viscosity of the 
steam varies between the high- and low- 
pressure parts. For saturated steam at 
1.5 atm abs, the kinematic viscosity is 
practically equal to that of air, namely, 
about 16 X 10~* cu m per sec. In the 
last stages operating in a vacuum the 
viscosity increases approximately in in- 
verse proportion to the pressure so that 
the last stages operate in a steam atmos- 
phere, the kinematic viscosity whereof 
corresponds in a startling manner to that 
of machine oil (400 X 10-6 sq m per 
sec at 20 C) and glycerine (600 X 10-8 
sq m per sec at 20 C). 

Next is considered the effect of mois- 
ture in steam which makes the conditions 
particularly obscure and also makes it 
impossible to compare the case of steam 
with that of flow of homogeneous fluids. 

From curves of velocity of sound in the 
original article, it appears that the Mach 
coefficients as applied to the guide parts 
and to the rotor blading in the high- 
pressure portion of the turbine are, in the 
majority of cases, so small that, accord- 
ing to normal theoretical considerations, 
the conditions of reliability of model 
tests with air may be considered as satis- 
fied and the transference of the results to 
steam permissible. A comparison with 
tests described elsewhere in the article 
show further that in model tests with air, 


MECHANICAL ENGINEERING 


Reynolds’ coefficients of the same order 
of magnitude are attained as are found 
in the high-pressure part of the actual 
turbine. 

The remainder of the article deals with 
the application of model tests to guide 
rings and rotor blading, in particular the 
exit angle of the steam, may be abstracted 
in an early issue. It discusses also the 
measurement of pressure on the surface 
of the blades, recovery of exit energy, 
and measurement of velocity in direction 
and magnitude at the rotating wheel 
The other matters covered deal with the 
flow in the exhaust-steam connection 
and the influence of wetness of steam 
(Prof. J. Ackeret, Dr. C. Keller, and 
Dr. F. Salzmann, reprint from Schweizer 
ische Bauzeitung, vol. 104, December, 
1934, 13 pp., 24 figs.) 


Elsinore Three-Cylinder Compound 
Engine 
HE Elsinore Shipbuilding and Engi 
neering Co. is known for its exhaust 
turbine installations which proved them 
selves popular with Danish shipowners 
It has now installed in the steamship 
Gyda its new three-cylinder compound 
engine working in conjunction with an 
Elsinore exhaust turbine. 

The reciprocating engine is fitted with 
poppet valves on the side of the cylinders 
and has short, amply proportioned steam 
passages. Superheated steam is supplied 
at a temperature of 626 F and the feed 
water temperature is 257 F, feed heating 
being in two stages. The three cranks 
are at 120 deg, and the weight of the pis- 
tons is the same for all three cylinders 

As in earlier applications of the Elsi- 
nore exhaust turbine, the turbine is ar- 
ranged on the top of the condenser. It 
runs at 4000 rpm and through a single 
gear drives an intermediate shaft with a 
speed of about 360 rpm, the power being 
transmitted from this shaft through a 
chain drive to the large chain wheel on 
the thrust shaft, in which heavy springs 
are fitted. The chain wheel is connected 
to the thrust shaft through a spring- 
loaded plate coupling which permits dis- 
connection of the turbine installation 
during maneuvering. 

The object in the construction of this 
engine is to provide a short unit, the total 
length of the engine from forward end of 
crankshaft to after end of chain box being 
only 14 ft 4 in., which is claimed to be 
less than for any other steam engine of 
this horsepower and number of revolu- 
tions. The chain drive has proved to be 
very reliable and has the advantage that 
wear-down of the crankshaft does not af 
fect the transmission from the turbine 

The specific fuel consumption per ind: 
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cated horsepower on a 15-hr consumption 
trial of the engine for the Gyda was 0.97 
lb of coal of a calorific value of 13,500 
Btu per lb, the total indicated horsepower 
being 1800 (1400 the reciprocating engine 
and 400 the turbine) at 116 rpm. The 
steam consumption, measured by means 
of calibrated tanks, was 8.4 lb per ihp-hr. 
(Shipbuilding and Shipping Record, vol. 45, 
no. 2, Jan. 10, 1935, pp. 36-37, 2 figs.) 


Heat Transmission in Thimble-Tube 
Boilers and Water Heaters 

HE author makes reference to a 

British government publication 
**The Calculation of Heat Transmission,”’ 
by Margaret Fishenden and Owen Saun- 
ders. This volume contains a mass of 
data accumulated for the Department of 
Scientific and Industrial Research at the 
request of the Fuel Research Board. The 
book contains also many data of other 
experimenters. 

A variety of tube-bundle arrangements, 
including different sizes and spacings of 
the tubes, have been considered and pro- 
vide an opportunity for assignment of 
probable performance when selecting 
tube-bundle arrangements for practical 
boiler tests. A number of such arrange- 
ments is shown in Fig. 6. Correlated 
experimental results for forced convec- 
tion between a tube bundle and a stream 
of air or other gases are given in the 
original article in Fig. 3 for the types of 
tube bundles shown in Fig. 6. 

The plotted results disclose a generic 
similarity between the curves obtained, 
thus indicating that there are probably 
fairly simple general laws discoverable 
for the purpose of designing heat-trans- 
mission apparatus capable of giving 
results closely in arrangement with any 
specified and reasonable requirements. 
The diagrams in Fig. 3 of the paper re- 
ferred to cover tests made with tube 
bundles containing tubes from 0.4 in. 
to 1.3 in. in diameter, gas speeds ranging 
from 3 to 45 ft per sec, and temperatures 
up to 550 F. 

Generally, it was found that H (the 
mean heat transfer per unit time per unit 
area) for a tube bundle as a whole is 
approximately proportional to the 0.75- 
power of V, the mean velocity at the 
Narrowest cross-section or clear space 
between the tubes in one row of a tube 
bundle; that H increases with the num- 
ber of tube rows up to 5 and then may be 
regarded as remaining constant; that a 
staggered arrangement of tubes is to be 
preferred to a parallel or square arrange- 
ment; and that H is inversely propor- 
tional to some small fractional power of 
the diameter of the tubes forming the 
bundles. 





The author presents typical curves 
intended to show how the value of 
H/@ (@ is the temperature difference be- 
tween the gas stream and the surface of 
the tubes) changes with variation in the 
size of the tube and the velocity of the 
gas through the tube nest, the mean 
temperature of heat exchange being con- 
stant. 

The author claims that with these 
curves it is possible to choose the values 
of gas velocity, tube diameter, and tem- 
perature of heat exchange so as to meet 
all the geometrical and thermodynamic 
requirements of any reasonable specifica- 
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two arrangements of fire tubes in fire- 
tube boilers, both originated by St. 
George Kirke. Kirke’s work extends 
over a period of some sixteen years. In 
1932 Kirke investigated the effect of rate 
of heat transfer of passing hot gases 
through a sinuous fire tube. This re- 
search and that of earlier experimenters, 
who discovered that continuous change 
in motion of the gas improved the rate 
of heat transfer, had certain practical 
results, and the original article repro- 
duces data for straight and sinuous tubes 
taken from Kirke’s 1932 specification. 
As regards water-tube boilers, generally, 
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FIG. 6 


tion, providing not only the requisite 
amount of heating surface to effect the 
desired amount of heat exchange, but 
doing this with a minimum waste of 
weight and space, and with a very high 
value for H. 

Other curves show clearly that the 
values of H/@ under equivalent condi- 
tions of tube size, temperature of ex- 
change, and speed of flow were very much 
lower for bundles of fire tubes than for 
bundles of water tubes of the same size. 
The author claims that his curves show 
that the popularity of water-tube boilers 
is founded upon a substantial basis. In 
this connection, however, he refers to 


ARRANGEMENTS OF TUBE BUNDLES 


the experimental data already detailed 
make it clear that important factors in 
securing a rapid exchange of heat be- 
tween the tube surfaces and the hot gases 
are (a) the use of small tubes, and (4) the 
obtaining and maintaining of a high gas 
speed past the tube surfaces, i.e., through 
the interstices between the tubes in the 
tube nests. 

From this the author proceeds to a con- 
sideration of thimble-tube boilers. The 
amount of heat transmitted through the 
wall surface of any given fire tube or 
water tube is dependent upon the tem- 
perature difference between its surface 
and the gas flow passing it, other factors 
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remaining unaltered; and assuming that 
conditions on the gas side of the wall 
surface of the tube remain unaltered, 
maintenance of this difference in tem- 
perature is dependent upon the efficacy 
of the means adopted to carry away 
the heat transmitted through the mate- 
rial of the tube; i.e., in the case of a 
boiler, upon the cleanliness of the tube 
surfaces, and upon the water circulation 
provided. 

A brief history of the Clarkson thim- 





each of these tubes is very much in favor 
of the new design. 

Fig. 13 in the original article shows 
elevations and sections of two gas pas- 
sages in each of which this improved 
form of tube has been incorporated. In 
one the tubes comb practically the whole 
of the gas space. In the other, access is 
provided up through the central passage, 
two spiral devices being fitted in order to 
insure that the gas shall be thoroughly 
combed. Mention of the word ‘‘spiral"’ 
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FIG. 7 DIAGRAM OF COMPARATIVE EVAPORATIVE EFFICIENCIES OF NEW AND OLD 
DESIGN OF TUBES FOR THIMBLE-TUBE BOILERS 


ble-tube boiler is given with a reference 
to waste-heat thimble-tube boilers. 

The basic features of design of such 
boilers are presented by the author. The 
author found that the diameter of the 
thimble point is an important factor in 
effective steam generation. In _ tubes 
having points above 2 in. in diameter 
there is a distinct tendency for a ridge of 
scale to form toward the rear end of the 
hemisphere forming the point. This 
indicates that a certain circulation has 
taken place within the point of the tube 
prior to the generation of the steam. 
The author recommends, therefore, re- 
ducing considerably the size both of 
tubes and of the thimble points. Fig. 
7 shows a thimble tube such as is advo- 
cated by the author in comparison with 
one of ordinary form, and Fig. 12 in the 
original article is a diagram compar- 
ing evaporative efficiencies of tubes of 
different sizes. It is claimed that the 
ratio of heating surface to water content 
varying as it does along the length of 


draws attention to another special fea- 
ture of these new designs, the fact that 
with gases passing through at high speed 
—100 ft per sec is quite natural—a dis- 
tinct swirl is imparted to the gases. The 
spiral devices shown are sometimes de- 
liberately pitched to be of the opposite 
““*hand’’ to this swirl so that there may 
be maximum interference with the gas 
streams in order to produce the turbu- 
lence which is so essential for obtaining 
good heat transfer. In other circum- 
stances the pitch of the spirals may be 
arranged to be of the same hand as that 
of the tubes in order to promote the 
arresting of sparks. The general char- 
acter of these spiral devices is shown in 
Fig. 14 in the original article. 

The remainder of the article deals with 
details of boiler and water-heater design. 
This cannot be abstracted because of lack 
of space, but shows a small waste-heat 
silencer boiler to be used with internal- 
combustion engines, and downward-flow 
dry-bottom designs suitable for silencing 
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and combing heat from the exhaust from 
internal-combustion engines, taking gases 
at from 1000 F down to 450 F. CE. F. 
Spanner, paper before The Institute of 
Marine Engineers read Jan. 8, 1935, 
Proceedings, vol. 47, part 1, session 1935, 
18 pp., 24 figs. Abstracted from proof 
copy.) 


WELDING 


Flash Welding of Wide Sheets 


HE development of the streamlined 

automobile body has led to a demand 
for sheet steel in widths up to 78 in. or 
more. Rolling mills in most instances 
are not prepared to furnish such wide 
sheets. Different methods have been 
tried to weld the sheets. In a European 
plant normal-size 20-in. gage sheets were 
welded by gas, but this experiment was 
not successful, as the sheets could not 
stand deep drawing. In the United 
States, experiments were made with re- 
sistance welding which also proved un 
satisfactory. Flash welding was then 
tried, but the normal type did not prove 
entirely satisfactory, and the problem 
was finally solved by means of a slow 
weld and a different type of upsetting 
from that usual with the flash weld 
Various factors had to be established and 
controlled in order to produce satisfac 
tory welding; thus, it was found neces 
sary to govern the slide motion in a man- 
ner different from that of the conven 
tional flash welder. 

When it came to finishing the sheets 
on a production basis it was found that 
the flash had to be removed on both sides 
and a perfectly smooth surface had to be 
obtained. This is done with a Morton 
flash trimmer. This machine is electri 
cally operated, including clamping and 
reversing, and removes the flash on 
both sides, leaving very little material 
for grinding which is the next opera- 
t10n. 

The original article describes a flash- 
welding machine capable of welding 
sheets 90 in. wide. The clamp pressure 
of 900 to 1000 Ib per sq in. is applied 
hydraulically, and the upsetting is 
operated through a motor drive. El 
konite, which is a copper-tungsten alloy 
capable of withstanding these high pres 
sures without deformation or wear, is 
used for the electrodes. Elkonite has a 
hardness in excess of 200 Brinell and 
a relatively high conductivity. The 
transformer has a capacity of 300 kw. 
(Peter W. Fassler, Consulting Welding 
Engr., Detroit, in The Iron Age, vol 
134, no. 12, Sept. 20, 1934, pp. 38-39, 
3 figs.) 
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Brief Articles of Current Interest, Discussion of Papers, A.S.M.E. Activities 


Suggestion Systems 


T THE 1934 Annual Meeting of The 

American Society of Mechanical 
Engineers two papers on suggestion sys- 
tems for employees were presented and 
discussed. One of these papers, “‘Sug- 
gestion Systems,"’ by Z. C. Dickinson, 
appeared in the November, 1934, issue 
of MECHANICAL ENGINEERING, and the 
other, “‘The Operation of a Suggestion 
System,’’ by Virgil M. Palmer, was 
published in the December issue. Dis- 
cussion on these papers was published in 
the February and March issues and is 
concluded as follows: 


BY HENRY C. METCALF! 

Professor Dickinson has said that he 
was dealing with “‘the positive and con- 
structive ideas of workers about products 
and methods in the establishments where 
they work."’ “‘In general,’ he says, 
‘These are distinct from the ideas of em- 
ployees concerning the staple, controver- 
sial, collective issues of wages, hours, 
working conditions, and rights of or- 
ganization on the one hand, and adverse 
criticism of tools, foremen, and fellow- 
workers on the other.”’ He admits, 
however, that ‘‘these three classes of 
ideas in practice cannot be sharply dif- 
ferentiated.”’ 

The paper divides between what Pro- 
fessor Dickinson calls the ‘‘technical’’ 
and the “‘morale’’ benefits of the objec- 
tives sought through any suggestion 
scheme. 

The few brief observations I shall offer 
apply, naturally, to the second group— 
the ‘“‘morale’’ objectives. My own 
study and limited experience with sugges- 
tion systems led me long since to classify 
them with profit-sharing plans, bonuses, 
cut-and-dried training programs, and 
many other disjointed incentive schemes 
designed to increase output and profit, 
which seldom secure and sustain the 
individual interest or the group morale, 
because they are not dovetailed and 
joined into a working whole. I know 
there are isolated exceptions, due pri- 
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marily to an unusually scientific organi- 
zation, and humane, enlightened manage- 
ment. But, by and large, these sugges- 
tion schemes have played a very minor 
role in the development of effective 
employer-employee working relations. 

And why? Because, in my judgment, 
business has been run without any basic 
philosophy—because ‘‘products’’ and 
‘“‘methods"’ have been put first, and the 
“staple, controversial, collective issues— 
wages, hours, working conditions, the 
rights of organization,’’ the deep, abid- 
ing human issues, which ultimately must 
and will control, have been treated as 
secondary. 

The major struggle through which 
industry is now passing is the attempt 
to reverse this emphasis. The basic idea 
of the New Deal is to make profits, 
products, methods the natural by-prod- 
uct of a business system built upon the 
recognition of human personality, in a 
scientifically organized and cooperatively 
administered business. This means a 
radical reversal of our past thinking as 
to what business is all about. From 
now on suggestion systems which are 
not organized and administered as an 
organic part of the new business philoso- 
phy evolving will, in the long run, 
meet with only indifference or opposi- 
tion. 

In brief crude outline I would state 
the following as basic guiding principles 
which should be borne in mind in the 
future organization and administration 
of any satisfactory suggestion system. | 
shall state my ideas categorically, since 
the allotted time does not permit elabora- 
tion: 

(1) Basic human _ needs—elementa! 
human want generators—health, job 
assurance, social security, knowledge, 
prestige, beauty, rightness, leisure— 
must be organically conceived and col- 
lectively realized in modern industrial 
relations. 

(2) We must take our stand with one 
of two schools of philosophic thinking: 
The first, that ability is rare and most 
men are commonplace; or, second, that 
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ability is everywhere, what is rare is 
opportunity. I take my stand unequivo- 
cally with the latter, and declare that 
the greatest single source of waste in 
the world is the undiscovered, untapped 
potential tastes, talents, enthusiasms of 
the millions of common laborers. Sug- 
gestion systems have not, generally 
speaking, been comprehensive and intelli- 
gent enough to touch this reservoir of 
wealth. 

Professors Cleeton and Mason write, 
in their recently published volume, ‘‘Ex- 
ecutive Ability:”’ 


The greatest waste in our modern industrial 
order is the neglect of human intelligence. 
We have learned to utilize labor and materials 
fairly well and while many further gains will 
be made, our present relatively high efficiency 
prevents revolutionary improvements. In 
utilizing the mental powers of employees, al- 
most nothing is being done by the great ma- 
jority of employers. Comparatively few are 
employed for thinking—management and 
specialists—and the rank and file of men seem 
to be looked upon as brainless automatons 
in many of our industries. The problem of 
morale alone makes such a stand untenable in 
modern industry. Furthermore, the latent 
power of constructive ideas offers the greatest 
potential field for exploitation by industry in 
the future. 


(3) The best asset any business can 
have is the wholesome enthusiastic in- 
terest of every one of its employees in 
the problem of improving the quality of 
his own labor. It is the human-qual- 
ity fact that counts. And only by mak- 
ing labor sharers in the industrial enter- 
prise, will employers be in a strong posi- 
tion to appeal to the positive in their 
employees, who will then reciprocate by 
entering wholeheatedly into the job of 
producing the most and the best possible. 
So the “‘principal functions’’ which sug- 
gestion systems may perform, according 
to Professor Dickinson will counteract 
or nullify ‘‘the intangible costs."’ 

Hope, sense of security, self-assertion, 
creativeness, group solidarity—now so 
lacking—must take the place of prevail- 
ing fear, suspicion, discord, and result- 
ing inefficiency. 

These basic human needs—the very 
foundation of any worth-while suggestion 
system—cannot be won from now on as 
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the cultivation of any individualistic 
methods. Only the ‘“‘group power of 
collective intelligence’’ will prove adequate. 
This means that workers as a collective 
body must increasingly share in plan- 
ning, organizing, and administering any 
successful suggestion system. 

(4) To be successful, suggestion sys- 
tems must be made part of an organic new 
program of human relations based upon 
the genuine integrity—physical, intellec- 
tual, spiritual—of the individual. 


Collective life as an aim in itself will get us 
nowhere. In the words of one of America’s 
leading business philosophers: “What we 
care about is the productive life, and the first 
test of the productive power of collective life 
is its nourishment of the individual. The 
second test (which is the true test of any 
worth-while suggestion system) is whether the 
contributions of individuals can be fruitfully 
united. 


The crux of our present business and in- 
dustrial quarrels is not profits; it is not 
wages; it is the joint control of industry. 

Quoting Miss Follett again: 


As the most wholesome sign in the present 
treatment of industrial questions is the recogni- 
tion that man with his fundamental instincts 
and needs is the very center and heart of the 
labor problem, so the most hopeful sign that 
we shall fully utilize the constructive powers 
which will be released by this psychological 
approach to industrial problems is the gradu- 
ally increasing share of the workman in the 
actual control of industry. 


Suggestion systems have too definitely 
tended to pit labor interests against the 
interests of capital. We are now headed 
for making capital and labor into one 
group—for the recognition of community 
rather than of individuals or class. 

Man is the center and heart of the labor 
problem, and successful suggestion sys- 
tems in the future must do their part 
toward bringing about the true democ- 
racy, which means that every man must be 
a creative industrial citizen. Business 
must increasingly realize that the de- 
velopment of men, of leaders, is its first 
obligation and primary responsibility. 

The Dennison Manufacturing Com- 
pany has had a long and unique experi- 
ence with suggestion systems. Mr. Den- 
nison has said: 


We think that, by and large, while the 
actual value of the suggestions accepted more 
than balances the costs and awards, by far the 
most important advantage is the habit of 
mind the system cultivates; the habit of reach- 
ing for new ways and new things and of ac- 
cepting continual improvement as the normal 
mode of life. We have had almost no sugges- 
tions of a critical or, as one might say, politi- 
cal nature in spite of the variety of assurances 
and safeguards we have provided. . . Sugges- 





tions, we believe, offer a real outlet for an ex- 
pression of the incipient managerial tendency 
inherent in many people, especially as it ap- 
plies itself to their tangible environment. We 
have not, however, in nearly twenty-five years 
found that they acted like afferent nerves to 
increase our sensitiveness. 


This lack of critical or political nature 
of the suggestions received is due pri- 
marily to the lack of collective power 
necessary to bring them forth. One 
log will not burn alone. The inflexibil- 
ity of the system, the fixed, individualis- 
tic ideas of executives and foremen, the 
fear of cost of changes of an experimental 
type where methods have become static— 
all tend to reduce the number of smaller 
and often larger changes and variations 
within a business. Business habits in- 
hibit many variations of high potential 
value. 

There is no doubt that the suggestion 
system holds possibilities for helping 
bring about the new employer-employee 
relations in process of development. 
And the workers will have confidence in 
them and cooperate in making them truly 
effective and productive if they have some 
voice in determining the terms on which 
the system runs, in determining which 
ideas shall be accepted, and how much 
reward shall be given for them. Joint 
action is essential here, as throughout 
the picture, for mutual understanding, 
mutual confidence, good-will, sustained 
interest, loyalty, and the morale of the 


group. 


By Rensts Likert? 


In the papers by Dr. Dickinson and Mr. 
Palmer two purposes or objectives that 
suggestion systems may serve have been 
stated. It would appear that in practice 
such confusion exists between these pur- 
poses that we might well examine their 
relationship to each other and to the 
operation of suggestion systems in gen- 
eral. The first objective is to obtain 
ideas which will make for an improve- 
ment in the product or in the operation 
of the organization. The second is to 
increase the morale, the interest, and 
the cooperation of the employees con- 
cerned. 

Dr. Dickinson presents ample evidence 
to show that the technical value of the 
suggestions obtained is usually relatively 
little. Mr. Palmer’s data corroborate 
this conclusion. An annual saving of 
$31,000 in a plant employing 7300 em- 
ployees amounts to only $4.25 per em- 
ployee. If the total cost of operating 
suggestion systems, including the time of 
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operating executives, be deducted from 
the savings effected it would appear that 
the total net saving to the compauy is 
slight, if any. Apparently, then, from 
the standpoint of the first objective, 
namely, technical value or the economic 
value of the ideas, suggestion systems are 
scarcely warranted. They do not show 
sufficient profit to justify bothering with 
them. 

Let us now examine their value when 
judged on the basis of the second objec- 
tive. Here we want to see if their effect 
upon morale warrants using them. At 
the present time, as Dr. Dickinson points 
out, we do not have sufficient objective 
data to answer this question scientifi- 
cally. We do have material, however, 
which permits serious consideration. 
Mathewson,’ on the basis of an extensive 
study, concludes that soldiering on the 
job, or organized restriction of output, 
results in a 25 to 50 per cent curtailment 
in production. Pennock, Putnam, and 
Mayo’'s* work at the Hawthorne plant 
of the Western Electric Company cor- 
roborates this conclusion. Considerable 
additional corroborative evidence is 
available in reported studies.® 

An incident which occurred in the 
Western Electric study has been reported 
by Mayo. One of the employees, after 
her confidence had been gained, men- 
tioned that, in a particular department 
where girls operated machines to wind 
coils, the girls did 90 per cent of their 
output in the morning. During the 
afternoon they did only 10 per cent of 
their daily output, spending most of 
their time simulating work, especially 
when a forewoman was near. This 
statement was challenged by manage- 
ment as being impossible. They said 
that it was too easy to watch to see 
whether the girls were working. How 
ever, when a meter was placed in the 
line feeding the motors operating the 
machines it was found that 90 per cent 
of the energy was consumed in the morn 
ing. 

We have, then, considerable evidence 

3 **Restriction of Output Among Unorgan- 
ized Workers,’ by S. B. Mathewson, Vik- 
ing Press, 1931. 

‘‘‘Improving Employee Relations,’’ by 
M. L. Putnam, Personnel Journal, vol. 8, 
1930, pp. 314-325; ‘‘Industrial Research 
at Hawthorne,"” by G. A. Pennock, Personnel 
Journal, vol. 8, 1930, pp. 296-313; “‘Growth 
of an Employee Relations Research Study,” 
by G. A. Pennock and M. L. Putnam, Per- 
sonnel Journal, vol. 9, 1930, pp. 82-85; 
‘*Human Problems of an Industrial Civiliza- 
tion,’’ by Elton Mayo, Macmillan, 1934. 

5 For example sce “Technical Vs. Social 
Organization in an Industrial Plant,’’ by F. J. 
Roethlisberger and W. J. Dickson, Graduate 
School of Business Administration, Harvard 
University, 1934. 
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to show that production is drastically 
curtailed through restriction. This prob- 
ably means that our actual production is 
somewhere near 50 to 75 per cent of actual 
capacity even when we are operating as 
what management regards as full ca- 
pacity. This restriction is due to un- 
favorable morale and any procedure of 
management which can improve morale 
and therefore reduce restriction will, 
in most instances, be exceedingly profita- 
ble. 

A suggestion system can be adminis- 
tered, if desired, in such a way as to con- 
tribute considerably to morale. Or, on 
the other hand, it can be conducted so 
as to increase dissatisfaction, arouse hos- 
tility, create distrust, and generally 
lower morale. To increase morale the 
suggestion system should be conducted in 
a way to make the worker feel he is being 
treated fairly, that the company is genu- 
inely interested in him, willing to co- 
operate with him, and willing to pay him 
fairly for what he does. He should also 
feel that he has a chance to identify him- 
self with the company in a way which is 
emotionally satisfying. If this program 
is carried out, morale will be improved. 
In addition to the morale benefits men- 
tioned by Dr. Dickinson, will be found 
the development of a more favorable and 
friendly attitude on the part of the em- 
ployee toward the company. 

In a plant of 7300 employees it is rea- 
sonable to assume an annual payroll of at 
least $7,000,000. If morale is improved 
enough to increase output by only 1 per 
cent there would be an annual saving of 
$70,000. This is more than twice the 
saving actually realized on the technical 
value of the ideas as reported by Mr. 
Palmer. From the standpoint of the 
second objective we are apparently justi- 
fied in concluding that the major value 
of a suggestion system can and should be 
in its influence upon morale. 

If our major purpose in conducting a 
suggestion system is to build morale we 
would probably conduct it differently 
than most suggestion systems now seem 
to be conducted. It is significant that 
Dr. Dickinson points out that **... pro- 
posals that are primarily directed toward 
comfort and convenience of employees or 
to relieve grievances and even schemes for 
promoting health and safety usually play 
minor rdéles.’" This probably reflects 
managerial policy. Likewise, Mr. Pal- 
mer’s paper tends to emphasize the tech- 
nical-value purpose of the suggestion 
system. Even the order of classification 
and the amount of the award are such as 
to emphasize this purpose of the sugges- 
tion system. Thus the minimum awards 
are: 


Class 1 Improvement in product.... $10.00 
Class 2 Reduction in costs......... 7.50 
Class 3 Improvement in manufac- 


turing methods.......... 5.00 
Class 4 Reduction in accident or fire 

re ee 2.00 
Class § Comvenience............... 1.00 


Furthermore, if we really want to build 
morale, it might be decidedly worth 
while to pay for suggestions that have 
been adopted more than 5 or 10 per cent 
of the first year’s savings. 

However, if our fundamental purpose 
is to increase morale we should recog- 
nize the true place of suggestion systems. 
They are but one of many ways which if 
properly used will improve morale. 
They are but a part of a larger whole. 
In our efforts to improve morale there is 
no reason why we should restrict our- 
selves to suggestion systems only. On 
the contrary, we should approach this 
problem scientifically. Today, we have 
techniques whereby we can measure em- 
ployee attitudes and behavior. Further- 
more, we can determine scientifically 
what factors have produced these atti- 
tudes and behavior and what should be 
done to change them in a desired direc- 
tion. In the order of the application of 
the scientific method the problem of the 
machine and its improvement was under- 
taken first. Then, under Taylor's lead- 
ership science was applied to the physical 
work of employees. Now it is time that 
we extended the scientific approach to 
include the mental and emotional life of 
the worker. If, through increasing 
morale, we can increase production 25 to 
50 per cent with existing plant facilities, 
we cannot overlook morale. Manage- 
ment cannot call itself scientific until this 
problem is approached in a scientific 
manner. 


BY LILLIAN M. GILBRETH® 


Dr. Dickinson's paper is of value as 
stating some of the problems of sugges- 
tion systems clearly, and as submitting 
various useful measures for the effective- 
ness of a system. 

If the objectives of a system may be 
divided into ‘‘technical’’ and ‘‘morale,”’ 
this means that representation on the 
committee that handles the system would 
necessarily include management engineers 
and personnel people, as well as super- 
visors and workers. Perhaps the co- 
operation resulting from such joint 
participation would help to solve the 
pressing problems of making adequate 
job analyses and specifications of the 
work of the personnel man and the man- 
agement engineer in the plant. 





6 Gilbreth, Inc., Montclair, N. J. Mem. 
A.S.M.E. 
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Motion study has been found useful 
in connection with suggestion systems, in 
pointing out new opportunities for sug- 
gestions, in training members of the 
committee to evaluate suggestions from 
the standpoint of technical validity and 
usefulness, and in increasing the tech- 
nical value of suggestions to meet the 
growing appreciation of the morale 
value. 

Mr. Palmer's paper is of great in- 
terest and significance, as presenting the 
theory and practice that has enabled 
the Eastman Kodak Co. to maintain 
its suggestion system effectively for so 
many years. 

Maintenance of the suggestion system 
as well as of standard practice in other 
mechanisms of management can be as- 
sisted by the use of the ‘‘standing order,"’ 
which lists the ‘‘what,’’ ‘‘who,”’ 
““where,’’ ‘“‘when,"’ and ‘“‘how”’ of any 
thing to be done, as well as the supervi- 
sion, and by the accompanying use of the 
‘change order,’’ which provides a mecha- 
nism of integrating changes into a sys- 
tem without’losing momentum. 

Incentives to making suggestions that 
are worth while should be both financial 
and non-financial. The financial incen- 
tives should be adequate, definite, posi- 
tive, and prompt in functioning. The 
non-financial incentives should also be 
adequate, which includes being interest- 
ing, Operating continuously, and creating 
group as well as individual satisfaction. 
The home-reading box, shop library, 
three-position plan of promotion, and 
fatigue-elimination campaign are typical 
of non-financial incentives that stimulate 
suggestions, guide them, and provide 
rewards. 

The master suggestion record provides 
a means of reviewing suggestions, as it 
tells when the suggestion was made, 
who made it, when it was approved, 
when it was tried out, and when it was 
put into complete use. 

The suggestion summary makes it 
possible to know the suggestion record 
of every member of the organization, 
and the suggestion record in every kind 
of work. If any organization is to get 
the most use from its suggestion system, 
from the morale standpoint, the master 
suggestion record is necessary; and if it 
is to get the most use, from the technical 
standpoint, the suggestion summary is 
necessary. 

A suggestion system cannot be ade- 
quately evaluated simply as an isolated 
mechanism, but must be considered as a 
part of a management program and 
measured in terms of both general and 
specific usefulness, and of both intangible 
and tangible values. 

















Revisions and Addenda to the Boiler 


Construction Code 


T IS THE policy of the Boiler Code 
Committee to receive and consider 

as promptly as possible any desired re- 
vision of the Rules and its Codes. Any 
suggestions for revisions or modifications 
that are approved by the Committee will 
be recommended for addenda to the Code, 
to be included later in the proper place 
in the Code. 

The following proposed revisions have 
been approved for publication as pro- 
posed addenda to the Code. They are 
published below with the corresponding 
paragraph numbers to identify their lo- 
cations in the various sections of the 
Code, and are submitted for criticism and 
approval from any one interested therein. 
It is to be noted that a proposed revision 
of the Code should not be considered final 
until formally adopted by the Council of 
the Society and issued as pink-colored 
addenda sheets. Added words are 
printed in sMALL caPiTats; words to be 
deleted are enclosed in brackets [ ]. 
Communications should be addressed to 
the Secretary of the Boiler Code Com 
mittee, 29 West 39th St., New York, 
N. Y., in order that they may be pre- 
sented to the Committee for considera- 
tion. 


SPECIFICATIONS S-24 TO MAKE THESE 
SPECIFICATIONS IDENTICAL wiTH A.S.T.M. 
SPECIFICATIONS B 43-33. Revise as fol- 
lows: 


Par. 3b. Second sentence. Revised: 

Semi-annealed pipe, which is suitable 
for ordinary purposes, shall be furnished 
EXCEPT THAT RED BRASS PIPE MAY BE FUR- 
NISHED HARD DRAWN [unless otherwise 


specified } 


Par. 4. Add the following chemical 
compositions 


ADMIRALTY 
METAL 
(NOTE) RED BRASS 

Copper, 
percent. 70.00-73.00 84.00-87.00 

Lead, max, 


per cent 0.07 0.07 
Iron, max, 
per cent 0.07 0.07 


Tin, per 

cent.... 0.90-1.20 0.15 maximum 
Zinc, per 

cent.... remainder remainder 


Note: THE IDEAL COMPOSITION FOR 
ADMIRALTY METAL IS 70 PER CENT OF 
COPPER, 29 PER CENT OF ZINC, AND 1 PER 
CENT OF TIN, AND BETTER TUBES WILL BE 
OBTAINED BY ADHERING AS CLOSELY AS 
POSSIBLE TO THIS COMPOSITION, PARTICU- 
LARLY AS TO TIN. IT DOES NOT, THERE- 
FORE, SEEM WISE TO MAKE | PER CENT OF 
TIN THE MINIMUM BUT RATHER, IN ORDER 
TO OBTAIN AS NEARLY 1 PER CENT AS 
POSSIBLE, TO ALLOW SOME VARIATION 
UNDER 1 PER CENT AND MAKE THE MINI- 
MUM LIMIT FOR TIN 0.90 PER CENT. Ow- 
ING TO THE FACT THAT A MINIMUM OF 1 
PER CENT TIN HAS HERETOFORE EXISTED, 
CASES WILL OCCUR, UNTIL THE PRESENT 
SPECIFICATIONS BECOME UNIVERSAL, WHERE 
THE TIN MAY EXCEED THE 1.20 PER CENT 
MAXIMUM. IT IS NOT CONSIDERED THAT 
THIS WOULD BE HARMFUL OR SHOULD BE 
MADE A CAUSE FOR REJECTION. 


Par. 6. Add the following as (4): 

5) SprEcCIMENS OF HARD-DRAWN RED- 
BRASS PIPE SHALL BE ANNEALED PREVIOUS 
TO THE HAMMERING TEST. 


Par. 7. Add the following as (4) 
5) SPECIMENS OF HARD-DRAWN RED- 
BRASS PIPE SHALL BE ANNEALED PREVIOUS 


TO THE FLATTENING TEST. 


SpeciricatTions S-29. A.S.T.M. Speci 
fications for Seamless 70-30 Brass Con 
denser Tubes and Ferrule Stock (B 55-33 
will be incorporated in the Code as 
Specifications S-29. 

SpeciricaTions S-30. A.S.T.M. Speci 
fications for Seamless Muntz Metal Con- 
denser Tubes and Ferrule Stock (B 56-33) 
will be incorporated in the Code as 
Specifications S-30. 

SprciricaTions S-31. A.S.T.M. Speci- 
fications for Seamless Admiralty Con- 
denser Tubes and Ferrule Stock (B 44-33) 
will be incorporated in the Code as 
Specifications S-31. 


Pars. H-63 and H-116. Revised: 
H-63 (H-116) Water-Column Pipes. 
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The minimum size OF FERROUS OR NON 
FERROUS pipes connecting the water 
column of a steam boiler shall be 1 in 
(The following sentence to appear in 
Par. H-63 only:) The steam connection 
to the water column of a horizontal 
return tubular boiler shall be taken from 
the top of the shell or the upper part of 
the head; the water connection shall be 
taken from a point not less than 6 in 
below the center line of the shell. No 
connections, except for [combustion 
regulator, or drain, or steam gage, shall 
be attached to a [the] water column or 
the piping connecting a water column 
to a boiler (Sez Pars, H-38 aND/or H-91 
FOR INTRODUCIION OF FEEDWATER INTO 
BOILER). If the water column or gage 
glass is connected to the boiler by pipe 
and fittings, a cross tee, or equivalent, in 
which a drain valve and piping may be 
attached, shall be placed in the water 
piping connection at every right-angle 
turn to facilitate cleaning. Water-glass 
fittings and/or gage cocks may be 
ATTACHED [connected] direct to a boiler 


Pars. H-64¢ and H-117a. Revised: 


H-64 (H-117) Automatic Low-Water 
Fuel Cut-Off AND/OR WATER-FEEDING 
DEVicE. 4 It is recommended that att 
[each] automatically fired steam or [and | 
vapor-systeM [heating] boilers be Equip 
peD [provided] with an automatic low- 
water fuel cut-off AND/OR WATER-FEEDING 
DEVICE SO CONSTRUCTED THAT THE WATER 
INLET VALVE CANNOT FEED WATER INTO 
THE BOILER THROUGH THE FLOAT CHAMBER 
AND SO LOCATED AS TO AUTOMATICALLY 
CUT OFF THE FUEL SUPPLY AND/OR SUPPLY 
REQUISITE FEEDWATER WHEN THE SURFACE 
OF THE WATER FALLS TO THE LOWEST SAFI 
WATER LINE [of dependable construction] 

SucH A FUEL OR FEEDWATER CONTRO! 
DEVICE MAY BE ATTACHED DIRECT TO A 
BOILER OR TO THE TAPPED OPENINGS PRO- 
VIDED FOR ATTACHING A WATER GLASS 
DIRECT TO A BOILER, PROVIDED THAT SUCH 
CONNECTIONS FROM THE BOILER ARE NON 
FERROUS TEES OR Y'S NOT LESS THAN !/2 IN 
PIPE SIZE BETWEEN THE BOILER AND THI 
WATER GLASS SO THAT THE WATER GLASS IS 
ATTACHED DIRECT AND AS CLOSE AS POSSIBL! 
TO THE BOILER; THE STRAIGHT-WAY TAP 
PING OF THE Y OR TEE TO TAKE THE WATER 
GLASS FITTINGS, THE SIDE OUTLET OF THI! 
Y OR TEE TO TAKE THE FUEL CUT-OFF OR 
WATER-FEEDING DEVICE. THE ENDS 0! 
ALL NIPPLES SHALL BE REAMED TO FULL-SIZE 
DIAMETER. 


Pars. P-104 and U-72a. Insert the follow 
ing as the first two sentences: 

‘The plates may be cut to size and shape b) 
machining or shearing, or by flame cutting 1! 
the carbon content does not exceed 0.35 per 
cent. If shaped by flame cutting, the edges 
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must be uniform and smooth and must be 
freed of all loose scale and slag accumulations 
before welding. The discoloration which may 
remain on the flame-cut surface is not consid- 
ered to be detrimental oxidation."’ 


Par. P-198¢4. Revise definitions to read: 


“C = 0.25 for heads forged integral with or 
butt welded to shells or pipes as shown in 
Fig. P-14'/od and e, where the corner radius on 
the inside is not less than 3 times the thickness 
f the flange immediately adjacent thereto, 
4\ND WHERE THE WELDING MEETS ALL THE RE- 
QUIREMENTS FOR CIRCUMFERENTIAL JOINTS GIVEN 
IN PARS. P-101 to P-1l11, INCLUDING sTREsSs 
RELIEVING AND RADIOGRAPH EXAMINATION, 


“C = 0.30 for flanged plates attached to 
shells or [nozzle-necks] pipes as shown in Fig 
P-14"/2¢ by means of lap-rivetep joints, where 
the corner radius on the inside is not less than 
3 times the thickness of the flange immediately 
adjacent thereto, AND WHERE THE RIVETING 
MEETS ALL THE REQUIREMENTS FOR CIRCUMFER- 
ENTIAL JOINTS GIVEN IN PARS. P-181 To P-185,"’ 


Par. P-1984. Add the following: 


C = 0.50 for plates having a dimension d 
not exceeding 18 in. inserted into shells, pipes, 
or headers and welded thereto as shown in 
Fig. P-14'/o¢ and otherwise meeting the re- 
quirements for fusion-welded boiler drums in- 
cluding stress relieving but omitting radio- 
graph examination, and where the end of the 
shell, pipe, or header is crimped over to an 
angle not less than 30 deg nor more than 45 
deg, the crimping is done cold only when this 
yperation will not injure the metal, and the 
throat of the weld is not less than the thick- 
ness of the shell, pipe or header wall or flat 


ead, whichever is greater,"’ 
Par. U-39a. Add the following: 


‘C = 0.50 for plates having a dimension d 
lot exceeding 18 in. inserted into vessels and 
welded thereto as shown in Fig. U-2¢ and other- 
wise meeting the requirements for the respec- 
tive types of fusion-welded vessels including 
stress relieving when required for the vessel 
but omitting the radiograph examination, 
and where the end of the vessel is crimped over 
to an angle not less than 30 deg nor more than 
45 deg, the crimping is done cold only when 
this operation will not injure the metal, and 
the throat of the weld is not less than the 
thickness of the vessel wall or flat head, which- 
ever 1s greater."’ 


Pars. P-1984 and U-394. Add the follow- 


““C = 0.75 for plates screwed into the end of 
a shell, pipe, or header (vessel) having an in- 
side diameter d not exceeding 12 in., as shown 
in Fig. P-14'/2j C(U-27), where the hydrostatic 
end pressure on the head is resisted with a fac- 
tor of safety of 5 both by the threads engaging 
e flat head and shell, pipe or header (vessel) 
wall and by the reduced cross-section of the 
threaded portion of the shell, pipe, or header 
vessel). Seal welding may be used, if de- 
sired 


’ 


Pars. P-1984 and U-394. Add the follow- 


C = 0.30 for plates inserted into the end 











ot a shell, pipe, or header (vessel) and held in 
place by some suitable positive mechanical- 
locking arrangement such as shown in Fig. P- 
14'/2k and / (U-2k and /), where all possible 
means of failure, either by shear, tension, or 
compression, due to hydrostatic end force are 
resisted with a factor of safety of 5. Seal 
welding may be used, if desired, 
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and tensile strength. [except that these marks 
need not appear on the butt straps after com- 
pletion of boiler.) 1F THE BOILER Is INSPECTED 
DURING CONSTRUCTION AND THE INSPECTOR AS- 
SURES HIMSELF THAT THE PLATE MATERIAL CON- 
FORMS TO CODE REQUIREMENTS, THE PLATE 
MAKER'S MARKS NEED NOT APPEAR AFTER COM- 
PLETION OP THE BOILER.” 


Par. H-8] Revise 
first sentence to read: 


“Every boiler [the 
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FIG. 141/, (u-2) 


Par. P-214. Add the following sentence: 


“The rules in Par. P-216 shall be used to 
determine if staying is required.” 


Pars. P-268d and U-59v. Modify proposed 
revisions appearing in the April issue to read 
as follows but insert as item (3) of fifth sec- 
tion of Par. P-268) and as item (3) of Par. 
U-59g- 


(‘‘d (v)] (3) No CREDIT CAN BE TAKEN FOR 
THE ADDITIONAL STRENGTH OF MATERIAL HAV- 
ING A HIGHER TENSILE STRENGTH THAN THAT 
OF THE VESSEL WALL TO BE REINFORCED. 

If the unit tensile strength of any material 
used for reinforcement is not aT LEAsT equal to 
that of the vessel wall to be reinforced, addi- 
tional reinforcement shall be added to com- 
pensate for the lower tensile strength, so that 
the total area of the cross-section of the rein- 
forcement is in inverse proportion to the ten- 
sile strength.”’ 

Taste A-6. In the 150-lb column for the 
minimum metal thickness of fitting, for the 1- 
in., 1!/g-in. and 11/s-in. sizes change dimen- 
sion ‘*7/;5'" to ‘‘1/4.*"’ Also add a footnote 
toread: ‘'*7/;,in. isrecommended in A.S.A. 
Standard B-16e—1932."’ 


Par. A-2la. Revise last three lines to read: 

‘*is 13 in. or less, the [bottom of the] fusible 
plug may be [come] at a lesser distance than 1 
in. above the upper row of tubes, but in no case 
shall the sorrom or THE plug be located below 
the level of the top of the uppermost row of 
tubes.”” 


Par. H-67. Revise to read: 
‘‘H-67. Each plate of a completed boiler 
shall bear the plate maker's name with brand 


where manufactured, 
by an [a duly] au- 
thorized inspector.”’ 

~bSectiona Par. U-13. Add the 


Ring following as e: 


Ce) Tubes conform- 


\ 


ing with Specifications 

















S-17 for Lap-Welded 
and Seamless Steel and 
Lap-Welded Iron Boiler 
Tubes may be used in 
unfired pressure vessels. 
The minimum gage thickness for such tubes 
for temperatures not exceeding 700 F, if under 
external pressure shall be as given in Table 
U-1A, and if under internal pressure shall be 
as given in Table U-1B. 


Par. U-13. Add the following as f. 


‘“f Non-ferrous tubes conforming with 
Specifications §-29, S-30, and S-31 may be ex- 
panded or threaded into unfired pressure ves- 


sels 


Par. U-22. Delete 


Par. U-23. Renumber as Par. U-22 and in- 


sert the following as new Par. U-23 


‘‘U-23. Pressure vessels and pressure parts 
of vessels may be fabricated by means of elec- 
tric-resistance butt welding when the rules 
given in Pars. U-110 to U-114 are followed."’ 


Par. U-394. Revise definitions as follows 


“C = 0.25 for heads forged integral with 
or butt welded to shells or pipes as shown in 
Fig. U-2d and e, where the corner radius on 
the inside is not less than 3 times the thickness 
of the flange immediately adjacent thereto, 
AND WHERE THE WELDING MEETS ALL THE RE- 
QUIREMENTS FOR CIRCUMFERENTIAL JOINTS 
GIVEN IN PARS. U-67 to U-79, INCLUDING THOSE 
FOR STRESS RELIEVING AND RADIOGRAPH EX- 
AMINATION, 

“C = 0.30 for flanged plates attached to 
shells or pipes as shown in Fig. U-2c by means 
of CIRCUMFERENTIAL lap joints RIVETED, FU- 
SION-WELDED OR BRAZED AND MEETING ALL THB 
REQUIREMENTS THEREFOR, INCLUDING THOSE 
FOR STRESS RELIEVING OF FUSION-WELDED 
joints, and where the corner radius on the in- 
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TABLE U-1A MAXIMUM ALLOWABLE WORKING EXTERNAL PRESSURES FOR 

SEAMLESS AND LAP-WELDED STEEL TUBES FOR UNFIRED PRESSURE VESSELS FOR 

DIFFERENT DIAMETERS AND GAGES OF TUBES CONFORMING TO THE REQUIRE- 
MENTS OF SPECIFICATIONS S-17 





Outside 
diameter 9 ————_——_Minimum gage—B.w.g. — 
of tube 17 16 15 14 #13 Zz 6 10 ) 8 7 6 5 ° 
ininches, *= ¢= ¢= ¢= ¢= ¢= ¢= ¢= ¢*= ¢*]= ¢*= t= t= t= 
D 0.058 0.065 0.072 0.083 0.095 0.109 0.120 0.134 0.148 0.165 0.180 0.203 0.2200.238 

i/, 300 cee 

3/4 1 00 —t=#=«j. 

] 100 300 500 

1'/, co! a ee (eas 

1'/s <<« bee Se 2 Ce. 

13/, ..- 140 250 365 485 

2 « 2 ee 2S Oe. 

2'/4 we eo See oe ae SO ax. 

21/2 a 6Ul(rew EO Oe OCU CO=#«z.. 

23/4 ..» «es 130 200 270 345 420 490 

3 con oes SS 2 ae oe 6 Clk 

31/4 i --- ISS 215 275 340 400 460 .... 

31/2 me toe wee, ooo a ae Qe Se a Sa sn. 

33/, Per acca, “ac y 160 210 270 340 390 445 495 

. ice Ape Soe , wee lake ee a ee 2 Se OME See. sc 

4'/, Le eee nae eee) eee «6135-180 240) «295 350 400 «2445 «485 

5 che NG ewe, <eeloeew cee Se See See <Q 2 ae So 40 


The above table is based on the formula 
Tube gage = 18 — [1.33 + 0.005 (P-175)|D 
but in no case is the tube-wall thickness less than that determined by the following formula: 


(P + 275)D 
17,300 








where ¢ = tube-wall thickness, in., P = maximum possible difference in pressure between the 

outside and inside of the tube at any time, lb per sq in., D = outside ji of tube, in. 

These rules may be followed for determining values intermediate of those given in the ti able and 
for values beyond the limits of the table. 


side is not less than 3 times the thickness of U-111. Where the entire area is welded 
the flange immediately adjacent thereto," simultaneously, without the introduction of 
extraneous metal, the maximum allowable unit 

Pars. U-69¢ and U-704. Revise the wording 
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working strength of the joint shall be 8000 
Ib per sq in. The finished weld shall be an- 
nealed preferably before removing from the 
welding machine. 


U-112. Where the weld is made progres- 
sively and continuously over its entire length, 
the thickness of plate shall not exceed 0.15 
in., and the offset of the edges, after welding, 
shall not exceed 60 per cent of the thickness 
of the plate. The maximum allowable unit 
working stress shall be 8000 lb per sq in. 

Prior to the welding operation by this 
method, the edges of the plate and the elec- 
trical contact area shall be cleaned so as to 
free those surfaces from scale, oxide, or grease. 


U-113. For temperatures higher than 700 F, 
the working stress allowable on electric-re- 
sistance-welded joints shall be reduced in pro- 
portion to the scale of reductions given in 


Table U-3 


U-114. Vessels whose joints are made by 
electric-resistance butt welding shall be tested 
in accordance with Par. U-64.”’ 


Par. UA-165. Revise last sentence to read: 


“These rules may be applied to flanges of 
any diameter and for any working pressure, 
BUT ARE NOT INTENDED TO APPLY TO FLANGED 
CONNECTIONS WITH GASKETS BXTENDING BEYOND 
THE BOLT CIRCLE.”’ 


Par. UA-22b. Revise first sentence to read: 


‘“*h Ring flanges may be fusion welded to a 
cylindrical shell or nozzle neck as shown in 
Fig. UA-2d AND CONSIDERED AS AN INTEGRAL 
FLANGE, provided that:"’ 





of the parenthetical matter at the end of Pars. 
U-694 (page 57) and U-70e (page 62) to read: 

“‘A RECOMMENDED FORM FOR RECORDING THE 
QUALIFICATION TESTS OF WELDING OPERATORS 
[sample data report sheet] appears on page 
73; and the heading of the form on page 73 
to read: “RECOMMENDED FORM FOR MANUPAC- 
TURER'S RECORD OF QUALIFICATION TEST OF 
WELDING OPERATORS [DATA REPORT FOR VESSELS 
CONSTRUCTED IN ACCORDANCE WITH Pars. U-69 
AND U-70.]"’ 


Par. U-73f. Revise to read: 


‘*f Flat heads may be welded into any pres- 
sure vessel under the rules given in Par. U-392 
[provided the welding meets the requirements 
for fusion welding for the class of service 
intended, except that radiograph examination 
may be omitted. When the fusion-welded ves- 
sel must be stress relieved, the flat head shall 
also be stress relieved. }"’ 


Pars. U-110 to U-114. 
new paragraphs: 


Insert the following 


Rures ror Exvscrric-Resistance Butt 
WELDING 


“U-110. The plate for any part of a vessel 
to be welded by electric-resistance welding 
shall be of quality in accordance with Speci- 
fications S-2 for Steel Plates of Flange and Fire- 
box Qualities for Forge Welding. 


TABLE U-1B MAXIMUM ALLOWABLE WORKING INTERNAL PRESSURES FOR SEAM- 

LESS AND LAP-WELDED STEEL TUBES FOR UNFIRED PRESSURE VESSELS FOR DIFFER- 

ENT DIAMETERS AND GAGES OF TUBES CONFORMING TO THE REQUIREMENTS OF 
SPECIFICATIONS S-17 


Outside 
diameter ———————————Miinimum gage—B.w.g.-———_________LL"- 
of tube 19 18 17 16 15 14 13 12 11 10 9 8 7 6 
ininches, t= ¢= ¢*= ¢= ¢= *= *= ¢= ¢*= t= t= t= t= ft 
D 0.042 0.049 0.058 0.065 0.072 0.083 0.095 0.109 0.120 0.134 0.148 0.165 0.180 0.2( 03 
1/5 L.) _ 
3/4 140 360 is 
1 ice. ae Ses 
1'/, ae BO 2p ee “es 
l/s ... ... 160 290 420 ... 
Peg ke ewe ww) OU ED kes 
2 cow wee Cee! eS CO COR ED COC=*=nx 
Ble cis cee ke ee ee a ae ae 
21/2 Sic ewe whe Cen Ce ae Gee SER mex 
23/, sae eee fee) ees 100 255 275 OO OO C..e 
3 cee eee eee eee) heee)6~=«6L50) 230s 3310 400s: 4490 
Be ccs ke ee eee Oe ee ee eC Cx. 
fet ca cee wee tee ose woe’ ee ae See Se 47a 
ie wee eae wee bes o0e chm Se 2 ee See MD xs. 
+ wes wee 6 ewe) Ces) ee Cle I Oe ae 6 ak 
Ble in woe cee tee eee tee ee A Te ae rm re hee 
5 — ca’ os Sak Qasr wee ee aes 200 20 2 325. 3 42 
1 is _ (P+ 250)D P 
The above table is based on the formula, ¢ 20,800 + 0.026 
where ¢ = tube-wall thickness, in., P = internal pressure, lb per sq in., D = outside di 


ameter of tube, in. 
These rules may be followed for determining values intermediate of those given in the table 
and for values beyond the limits of the table but not in excess of 1000 Ib pressure for seamless 
steel tubes or 500 Ib pressure for lap-welded steel or wrought-iron tubes. 
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Marketing Industrial 
Equipment 


MarketING INpustrRIAL EQuipMENT. By 
Bernard Lester. McGraw-Hill Book Co., Inc., 
New York, 1935. Cloth, 53/4 X 9 in., 307 pp., 
44 figs., $3.50. 


REVIEWED BY Rosert M. Gates! 


HE distribution of capital goods has 

not had the intelligent direction that 
has been applied to design and manu- 
facture in the industries producing them. 
Such is the indictment made by Bernard 
Lester in ‘‘Marketing Industrial Equip- 
ment.”’ 

A brief history of economic distribu- 
tion brings us to the conclusion that in 
our great concentrated urge for technical 
and scientific development, which has re- 
sulted in this mechanical-electrical-tech- 
nical age, we have not sufficiently de- 
veloped our consideration of this growth 
or change upon society. 

There have been two changes—tech- 
nical development and social require- 
ments. The author claims that we have 
not intelligently served the latter with 
the former. He makes an appeal for a 
greater concentration of effort to develop 
procedures of distribution so that society 
will be better able to utilize the develop- 
ments and thus permit industry to serve 
better and to develop to a greater extent. 

Why has this not been exploited be- 
fore? The author claims that the fault 
is only at the door of management. 
Management has been too busy develop- 
ing improvements to give the proper 
attention to the problems of distribution. 

What will be the solution? The 
author outlines the basis upon which 
the facts should be collected and gives 
many specific suggestions and methods 
of procedure. His presentation is in 
most instances theoretical with a con- 
tinuous evidence of practical knowledge 
as of one with actual experience, thus 
making a contribution to this subject 
in an easy, understandable form. This 
book should be used by all executives 
who have distribution of industrial 
equipment, as a problem. 


_ | Vice-President, Superheater Company, 
New York, N. Y., and Past Vice-President, 
A.S.M.E. 


REVIEWS OF BOOKS 


And Notes on Books Received in the Engineering Societies Library 


Probability and the 
Physical World 


New Patuways IN Science. By Sir Arthur 
Eddington. The Macmillan Company, 
New York, 1935. Cloth, 55/3 X 81/¢ in., 
333 pages, $3. 


REvIEWED By W. A. SHEWHART? 


HERE is science today and where is 

it going? How does it attain its 
objectives? These questions demand the 
engineer's interest; the first, because the 
physics and chemistry of yesterday are in 
the engineering of today and the physics 
and chemistry of today will be in the 
engineering of tomorrow; the second, 
because the engineer must use scientific 
method wherever possible in determining 
what he should do for society as well as 
in doing it. On both of these scores the 
book under review contains much of 
interest. 

Twelve of the fourteen chapters con- 
stitute the Messenger Lectures delivered 
at Cornell University during April and 
May, 1934, by the Plumian Professor of 
Astronomy and Experimental Philosophy 
at the University of Cambridge. No at- 
tempt is made to provide a systematic 
introduction to modern scientific thought 
and each chapter, with but one exception, 
deals with a separate theme and may be 
read independently. Hence it is possible 
for the author to begin each chapter on 
familiar ground, although the subject 
matter of each is such as to make it neces- 
sary for him to proceed to levels shrouded 
in some obscurity. 

Starting with a discussion on science 
and experience he introduces us in the 
next chapter to the dramatis personae of 
modern science. Here we meet some of 
the newcomers of the last five years, such 
as the positron, neutron, and deuton 
along with some old friends such as the 
electron, proton, photon, and various 
radiations. The next four chapters have 
a common thread of interest in that they 
are concerned with the consequences of 
the statistical type of law first intro- 


2 Chairman of the Joint Committee on the 
Development of Statistical Applications in 
Engineering and Manufacturing and a member 
of the technical staff of the Bell Telephone 
Laboratories, New York, N. Y. 
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duced into physics in the subject of 
thermodynamics. Of particular interest 
is the last of these four chapters which is 
devoted to an exposition of the physi- 
cist’s viewpoint of probability. He 
differentiates between probability as a 
degree of belief and scientific or numerical 
probability. He takes the stand that 
the latter is not an uncertainty although 
our knowledge of it may be uncertain. 
Thus he says: “* ‘It is rather probable that 
the probability is is no more ob- 
jectionable than the statement ‘It is 
rather probable that the solar parallax 
is...’ "’ Itis only a few years since the 
subjects of probability and statistics were 
first given attention in courses in physics 
and chemistry. In fact, this is one of the 
first books on modern physics in English 
to devote a whole chapter to the philoso- 
phy of the concept of probability which 
is today recognized as a cornerstone in all 
scientific inference. The engineer of 
tomorrow in making use of the physics 
of today will likely find much of vital 
interest in these four chapters by way of 
introduction to some of the fundamental 
principles of probable inference. Here 
he will get some of the arguments for 
believing that the practice of science, as 
distinguished from the metaphysics of 
science, is at present based upon the con- 
cept of an objective probability which 
may, in most instances, be approached 
as a statistical limit. 

From the viewpoint of scientific results 
these chapters present in a live manner, 
characteristic of the author, a bird's-eye 
view of several of the goings-on in 
modern physics. For example, in dis- 
cussing the end of the world in the third 
chapter he starts with a consideration 
of the consequences of the thermody- 
namic concept of entropy, more or less 
familiar since 1852, and then indicates 
the significance of more recent theoretical 
studies of the expanding universe. In 
the concluding paragraph he drops his 
more serious efforts and risks a pictur- 
esque contrast of the old and new views 
of the end of the world; the old is that 
the universe will ultimately contract 
into a rather dense ball at a uniform 
temperature, whereas the new is that 
the physical world will end in an ever- 
expanding ball of radio waves, or, as he 
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says, in one stupendous broadcast. Two 
of these four chapters are devoted to a 
rather cautious discussion of determinism 
vs. indeterminism, and he makes it fairly 
clear that modern physics is mot based 
upon determinism but instead on the 
concept of an objective probability. 

Chapters seven to ten deal in turn 
with the constitutions of the stars, sub- 
atomic energy, cosmic clouds and nebu- 
lac, and the expanding universe. The 
author conducts us on a rapid tour 
through the galaxy of which we are a 
part; takes us into the heart of the atom 
to show us what is likely going on within 
these sub-microscopic regions; and then 
whisks us off on a tour of the universe 
whose external circumference is some- 
thing like 4 X 107? miles. In this rapid 
journey with such an eloquent and 
authoritative guide, one is introduced to 
many scientific facts of much interest in 
themselves. He presents reasons for 
believing that the prolific liberation of 
atomic energy must still remain in the 
dream stage for engineers although it is 
a common every-day fact for the astrono- 
mer. From an engineering viewpoint, 
however, perhaps the most useful thing 
obtained in this excursion is a glimpse of 
the working of scientific method. I 
think we cannot but be appalled at the 
success that has been attained in corre- 
lating the pointer readings of physics 
from the innermost parts of the atom to 
the outer boundaries of space by a 
method which seeks a knowledge neither 
of the human actors nor of the reality 
behind the pointer readings but a knowl- 
edge of the structure of the pointer read- 
ings. 

From this viewpoint of methodology, 
chapters eleven and twelve are of out- 
standing interest. The first of these is 
perhaps the most meaty one in the book 
and presents some of the latest results 
of the author’s attempt to find those 
constants of nature out of which we 
should be able to calculate every other 
constant displayed in natural phenomena 
Here it is that we get a picture of some 
of the recent progress that has taken 
place in the unification of the theory of 
physical phenomena. Here also we get 
a feeling for the significance of Edding- 
ton'’s oft-quoted remark that “‘it is a 
good rule not to put overmuch confidence 
in the observational results that are put 
forward until they have been confirmed by 
theory..’ In other words, we see the 
working of the test of consistency among 
observed data as contrasted with mere 
statistical repetition being used to in- 
crease our assurance of the conclusions 
of modern physics. 

In the second of these chapters on the 


theory of groups, he stresses the interest 
of the scientist in the structure or rela- 
tionship of observable phenomena, a 
structure which from the viewpoint of 
modern logic is an a priori construction 
of formal logic and mathematics. He 
says, for example, “‘It is sufficient to say 
that what physics ultimately finds in the 
atom, or indeed in any other entity 
studied by physical methods, is the 
structure of a set of operations.’ This 
chapter on groups is introduced because 
Eddington believes group theory to be a 
more powerful tool than any other now 
known for digging down to the basis of 
physics. It is interesting as illustrating 
the ever expanding usefulness of the 
“‘pure’’ mathematics of yesterday in 
determining the structure of the observ- 
able phenomena treated by scientific 
method. 

The two closing chapters touch upon 
the general relation of the physicist’s 
world to the whole of experience—the 
relation of the pointer readings given by 
the operations performed by physicists to 
the whole of human experience. He 
recognizes the perceptions of the plain 
man, the moral consciousness of the good 
man, the sensitivity of the artist, the 
human valuation of all men, as well as 
the religious experience of the mystic 
as revelatory of reality. In so far as 
there are arguments for believing that 
any one of these forms of experience is 
merely subjective, the same may be said 
for allthe others. Likewise, if one gives 
us information about the external world, 
so also do the others. 

Such is briefly the author's view of the 
extensive and complicated world of 
experience in which we as engineers must 
work; such is the world which some 
enthusiastic engineers have ventured to 
assert can be charted by them, if it is 
not by others, through the use of scien 
tific method. Possibly a study of the 
limitations of scientific method—even 
when applied to the pointer readings of 
the physicist—as revealed in this book 
may invoke caution on the part of 
all of us in expecting too much in the 
scientific conquest of the whole of ex- 
perience. 

All in all, this is a stimulating semi- 
popular book, charting some of the sign- 
posts along the new highways in physical 
science. A book that in the first half 
shows why probability and statistical 
theory play such an important part in the 
physics of today that will be the engi- 
neering of tomorrow; one that in later 
chapters emphasizes both directly and 
indirectly the significant rdle played by 
mathematical theory and formal logic in 
discovering the structure of pointer 
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readings; and one that in the closing 
chapters clearly differentiates between 
the experience of the physicist and the 
whole of experience in which, inci- 
dentally, we who are engineers must 
work. 


Psychometrics 


Psycuometrics. A Srupy or PsycHoLoaica! 
MeasurREMENTs. By Johnson O'Connor 
Harvard University Press, Cambridge, Mass., 
1934. Cloth, 6 X 9 in., 292 pp., 42 figs., 
$3.50. 


ReviewepD By LittiaN M. GILBReTH® 


HIS book should be of special inter 

est to engineers because its writer is 
an engineer who has had experience in 
industry as well as in the colleges, speaks 
our language, and knows our needs 
Written under a grant from the Jacob 
Wertheim Fellowship for the Better 
ment of Industrial Relations, of Harvard 
University, its 292 pages present a real 
contribution to thinking and research 
in this field. As Mr. O'Connor says 
“This is a study in the human substance 
of industrial relations... Anattempt to 
isolate and measure separable elements in 
the complex of human character. . . and 
to determine their significance in indus 
trial affairs, thus contributing to 
smoother performance of the productive 
machine.”’ 

In typical engineering fashion, the 
thesis and findings of the book are stated 
in the 34-page introduction clearly and 
simply. Three main topics are discussed 

—executive characteristics, business and 
industrial application, and administra 
tion. The value of psychometrics is thus 
described: ‘‘Scientific discoveries have 
followed each such new achievement in 
the art of measuring If progress in 
human understanding follows the other 
sciences, no single step will contribute 
to better human relationship so definitely 
as the construction of accurate measuring 
instruments.’’ ‘‘Reliability’’ and ‘‘va 
lidity’’ are defined, and the former given 
as the criterion used for the material 
covered by this book. 

The executive characteristics listed are 
most interesting, i.e., large English 
vocabulary, many aptitudes, objective 
personality, accounting aptitude, apti 
tude for first position. The ‘‘many apti- 
tudes’’ cover personality, tonal memory, 
engineering aptitude, accounting apti 
tude, tweezer dexterity, finger dexterity, 
creative imagination, inductive reason- 
ing, and visual memory. The findings— 





> President, Gilbreth, Inc., Consulting 
Engineers, Montclair, N. J. Mem. A.S.M.E 
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that finger and tweezer dexterity are not 
necessarily possessed by the same per- 
son, and that many aptitudes may be a 
source of failure rather than success, by 
leading to restlessness and dissatisfac- 
tion—seem specially significant. 

Much interest has been aroused by the 
findings concerning large vocabularies. 
‘A large vocabulary is typical not ex- 
clusively of executives, but probably of 
all successful individuals.’’ This is a 
challenge to all teaching, but especially 
to engineering education. Here is an- 
other challenge. ‘“‘From the work 
which we have done thus far, it seems 
best, if the individual is to meet life 
successfully, not to try to change his 
personality.’” It is of course implied 
that the personality is satisfactory to the 
owner and to others! And again, 
“Success at the first undertaking gives 
confidence, a feeling of success which 
later becomes an executive characteris- 
tic.’” And for those who educate girls, 
“Women who attain executive re- 
sponsibilities must have more ability 
than men, in order to gain equal recog- 
nition.”’ 

The bulk of the book deals with the 
techniques used for the studies on which 
thefindings arebased. These are presented 
in detail and with great care, and will be 
of special interest to engineers concerned 
with methods of measurement and the 
statistical techniques. It is a little dis- 
appointing to find definitions of skill, 
aptitude, and knowledge which mean 
that it is not possible to compare the 
findings of the work in these fields with 


those where different definitions are 
used. These are the definitions: ‘‘Apti- 
tude—a gift for the task in hand, a flair 


fully developed at the time of physical 
maturity, at the age of 18 or 19, and 
therefore little altered by education or 
experience.’” “‘Skill—an ease of per- 
formance which comes with repetition, 
which follows from having performed an 
operation or some part of it before. 

Skill is increased speed without change 
in method.’’ ‘‘Knowledge—method, 
technique, and manner of executing.” 
The sum of the three is given as ability. 
We who define skill as knowledge-plus- 
dexterity-plus-adaptability would like 
to see Mr. O'Connor use the same 
definition, as we his work so 
highly. 

The findings of the book can be read in 
minutes. The entire book takes 
a long time to read. But it is worth 
careful study, and the reader will find 
himself discussing and quoting it, using 
it for reference, and gradually making 
a large part of it a part of his thinking 
equipment. 


value 
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Industrial Standardization 


INDUsTRIAL STANDARDIZATION, by John 
Gaillard. The H. W. Wilson Company, New 
York, N. Y., 1934. Cloth, 6 X 9!/q in., 123 
pp. $2. 


REVIEWED BY Earte BucKINGHAM‘ 


6 pe A GREAT extent, standardization, 
to the manufacturer, represents the 
reduction of a great variety of detail to 
routine or habit. This phase of stand- 
ardization has existed from earliest times. 
We still shake hands in greeting although 
we have no suspicion of a dagger in the 
dexter hand of our acquaintance. 
Men still wear buttons on the cuffs of 
their coat sleeves, although they aban- 
doned ruffles on their shirt sleeves long 
ago. Hence, habits blindly followed 
are not alone satisfactory for industrial 
standards. Such standards must be liv- 
ing, and not dead or asleep, and must 
progress with changing conditions. 

This treatise on industrial standardiza- 
tion presents in a very interesting and 
readable form the evolution of stand- 
ardization and its essential functions, and 
discusses the many characteristics of 
standards and specifications and their 
practical application. 

This text should be studied by the 
management of any industry as well as 
those specializing in standardization 
activities; because in many ways syste- 
matic and continuous standardization 
can be made a profitable long-term invest- 
ment, and to accomplish this end, re- 
quires the support and encouragement 
of the management, as well as the tech- 
nical skill of the engineer. 


Books Received in Library 


AMERICAN SOCIETY FOR TESTING MATERIALS, 
Proceedings of the 37th Annual Meeting, 
Philadelphia, 1933. 6 X 9 in., vol. 1, 1325 
pp., vol. 2, 943 pp., illus., diagrams, charts, 
tables, cloth, $6; half leather, $7 each. The 
proceedings are in two volumes. Part one 
contains the reports of committees, the “‘ten- 
tative standards’’ and the tentative revisions 
of standard specifications and tests. Among 
these reports are investigations of the effects 
of sulphur and phosphorus upon steel; of 
corrosion of non-ferrous metals in liquids and 
by galvanic and electrolytic action; of the 
effect of aluminum upon the qualities of zinc 
alloys for die casting; and of the service char- 
acteristics of light metals and their alloys. 
Part two includes the papers and discussions 
presented at the 1934 meeting, upon metals, 
cements, ceramics, masonry, paints, rubber and 
other topics. It also contains the Marburg 
lecture, on “‘Water as an engineering mate- 
rial.”’ 





‘ Professor of Engineering Standards and 
Measurement, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. Assoc-Mem. A.S. 
M.E, 
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Diz AUFWERTUNG DES WASSERGASES DURCH 


KarsurigrOte, by P. Schlapfer. Srupren 
UBER DIE UNTERSUCHUNG UND BEWERTUNG 
von KarsurigrOLen, by P. Schlapfer and S. 
Schaffhauser. _Eidgendssische Materialpriif- 
ungsanstalt an der E.T.H. in Ziirich, Labora- 
toire Fédéral d’Essai des Matériaux Annexé a 
l’Ecole Polytechnique Fédérale a Ziirich. 
Bericht No. 68. Zurich, Switzerland, 1934. 
Paper, 8 X 12 in., 64 pp., diagrams, charts, 
tables. The two investigations here reported 
are concerned with the manufacture of car- 
bureted water gas. The first presents the re- 
sults of plant tests of the improvement ob- 
tained chrough carbureting oils and the con- 
ditions for maximum results. The second dis- 
cusses the relations between the physical and 
chemical properties of a gas oil and its value as 
a carbureting oil. 


Diz BearBEITUNG Des ALUMINIUMsS. By E. 
Herrmann and E. Zurbriigg. Leipzig, Akad- 
emische Verlagsgesellschaft, 1935. Paper, 


$x Sm., a= diagrams, tables,4rm. A 
little book of practical instruction for the 
metalworker upon aluminum and its alloys. 
The shaping of the metal by bending, drawing, 
stamping, turning, milling, etc.; methods of 
riveting, welding and soldering; surface fin- 
ishing by mechanical and chemical methods; 
and methods of oxidizing, coloring and lac- 
quering are described. 


THe CHALLENGE TO LiperRTy. 
C. Hoover. Charles Scribner's 
York and London, 1934. Cloth, 6 X 8 in., 
212 pp., $1.75. Mr. Hoover here discusses 
some of the pressing political and economic 
questions of the day and gives his criticism of 
current tendencies in the treatment of national 
problems. The achievements of the American 
system of government are described and com- 
pared with other systems of society. 


By Herbert 
Sons, New 


Dizset Hanpv Book. 
Second edition. Diesel Engineering Institute, 
Jersey City, 1935. Leather, 5 X 7 in., 543 pp., 
illus., diagrams, tables, $5. A practical book 
of instruction for engineers and students on 
modern Diesel engineering, land, marine, 
locomotive, aero, automotive and portable 
installations. It is a practical text and refer- 
ence book for the operating engineer. Pre- 
sented largely in questions and answers, the 
text covers the information needed in simple 
language. 


By J. Rosbloom. 


INpDustRIAL Fasrics, a handbook for engi- 
neers, purchasing agents, and salesmen. By 
G. B. Haven. Weilington Sears Co., New 
York, 1934. Leather, 6 X 8 in., 538 pp., il- 
lus., diagrams, charts, tables, $2. This book 
brings together much information upon the 
physical properties of the heavy cotton fabrics 
used for industrial purposes and upon the 
methods of testing them. The types ps soe 
methods of manufacturing, the uses, organiza- 
tion and properties of industrial fabrics are 
described. Laboratory design and practice 
are presented, and a large number of specifica- 
tions and test methods are given. 


KRAFTFAHRTECHNISCHE | AGUNG, 1934. Vor- 
trage und Aussprachen, V.D.I. Verlag, Berlin, 
1934. Paper, 8 X 12 in., 58 pp., illus., dia- 
grams, charts, tables, 5 rm. This pamphlet 
contains the proceedings of a meeting devoted 
to zn engineering, held on October 


29, 1934, by the Verein deutscher Ingenieure 
Among the subjects discussed were lubrica- 
tion, fuels, hydraulic and mechanical gears, 
streamlining, etc. 
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MacRas’s Brug Boox consolidated with 
Hendricks’ Commercial Register. 42nd an- 
nual edition. MacRae’s Blue Book Co., 
Chicago, 1934. Cloth, 8 X 11 in., 3340 pp., 
illus., $15. Contains a directory of manufac- 
turers and distributors of materials of all kinds, 
a Classified list of materials, a directory of 
towns and cities, with their facilities for trade, 
and a list of trade names. The information is 
well arranged. The book will be useful to 
purchasers of materials generally. 


PerroteumM Raoister, Sixteenth Edition. 
Petroleum Register Corporation, New York, 
1934. Cloth, 8 X 12 in., 724 pp., diagrams, 
charts, maps, tables, $10. The register is a 
convenient compendium of statistical and trade 
information constantly wanted by those in the 
han pe industry. It contains lists of re- 

cries, refining companies, producers, market- 
ers, jobbers, compound and grease manufac- 
turers, pipe-line companies, trade names, 
natural gasoline ~~ drilling contractors, 
etc. Statistics of production and consump- 
tion, imports and exports, refinery output, 
etc., for a number of years are given. May s 
of the oil-producing regions of the world 
are provided. Other features include a direc- 
tory of oil-company executives, the text of the 
Petroleum Code, and a buyers’ guide to equip- 
ment and supply sources. 


Principtes oF Motor Fuet Preparation 
AND AppticaTion. Vol. 1. By A. W. Nash 
and D. A. Howes. John Wiley & Sons, New 
York, 1935. Cloth, 6 X 10 in., 538 pp., illus., 
diagrams, charts, tables, $8. The first part of 
a comprehensive two-volume treatise on the 
subject, which describes present technique and 
also discusses future problems. This volume 
deals with the production of motor fuels by 
methods of distillation, cracking, extraction 
from natural gas, and hydrogenation. It also 
discusses methods of refining, storage and dis- 
tribution, the production of benzol, alcohol 
fuels, and synthetic fuels. Excellent bibliogra- 
ee accompany the various chapters. The 

90k will be useful to producers and consumers 
of petroleum products generally. 


RgGELN FUR ABNAHMEVERSUCHE AN Dampr- 
TURBINEN. (V.D.I. Dampfturbinen-Regeln 
D.I.N. 1934.) Aufgestelle vom Deutschen 
Dampfturbinen-Ausschuss beim Verein deut- 
scher Ingenieure. Second edition. V.D.1. 
Verlag, Berlin, 1934. Paper, 8 X 12 in., 6 
pp., tables, 1.50 rm. This pamphlet contains 
the rules for acceptance of steam turbines pre- 
pared by the Verein deutscher Ingenieure. 
This edition contains various changes from the 
previous one, which appeared in 1931. 


Rusper: Its ANti-Ox1DANTS AND PRrEsERVA- 
tives. Science Museum, South Kensington, 
Science Library Bibliographical Series No. 151. 
A bibliography compiled by the Science Li- 
brary a the Research Association of British 
Rubber Manufacturers. Science Museum, 
London, 1934. Cardboard, 8 X 13 in., 82 
pp., 5s 7d, postage included. This bibliogra- 
poy contains some 1500 references, classified 

y the Universal Decimal Classification. The 
references are printed on one side only, so that 
they may be mounted on cards, if desired. 


Science Museum, London. Board of Educa- 
tion. Russer Exuisition (November, 1934- 
April, 1935). Compiled by Rubber Growers’ 
Association; His Majesty's Stationery Office, 
London (obtainable from British Library of 
Information, N. Y.), 1934. Paper, 6 X 10 in., 
44 pp., illus., 6d; $0.20. In addition to a 


descriptive catalog of the exhibits, the hand- 
book contains a good brief account of the his- 
tory of rubber from its source to the finished 
product. 


Sciencg oF Work. By M. S. Viteles. W. 
W. Norton & Co., New York, 1934. Cloth, 
6 X 9 in., 442 pp., diagrams, $4. This vol- 
ume provides a non-technical discussion of the 
applications of psychology to industry. Per- 
sonnel selection, methods of training, the ef- 
fect of various influences upon output, and 
similar problems of management are considered 
and the psychological factors involved in their 
solution are presented. The book has prac- 
tical value for executives. There is an exten- 
sive bibliography. The author is Director of 
Personnel Research of the Philadelphia Elec- 
tric Company. 


Sranparp Gear Book, Working Formulas 
and Tables in Gear Design. By R. Traut- 
schold. McGraw-Hill Book Co., New York 
and London, 1935. Cloth, 6 X 9 in., 314 pp., 
diagrams, charts, tables, $3. In preparing this 
book for machine builders and gear designers, 
the author has aimed ‘‘to supply the facts be- 
hind the important advances in commercial 
gear-production practices during the past 
quarter century, to reiterate the — 
upon which the operation of the modern gear- 
generating machines and the art of gear de- 
signing are founded, and to show how and 
why transmission efficiencies of 99 per cent 
plus have been attained.’ The work is 
offered as a successor, to a certain extent, of 
Logue’s ‘American Machinist Gear Book.”’ 


STAURAUMVERLANDUNG UND KoLKABWEHR. 
By A. Schoklitsch. Julius Springer, Vienna, 
1935. Cloth, 6 X 9 in., 178 pp., illus., dia- 
grams, charts, tables, 19.50 rm. The purpose 
of this book is to throw light upon some im- 
portant questions that confront the designer of 
reservoirs and hydraulic power plants. These 
are the transportation of debris by running 
water, the silting up of reservoirs, erosion 
below dams and the dissipation of energy. 
Dr. Schoklitsch presents the results of extended 
experimental studies, supplemented by the 
work of other investigators, in a form for prac- 
tical use. Bibliographies accompany each 
chapter. 


Strenctu or Mareriats. By J. E. Boyd. 
McGraw-Hill Book Co., New York and 
London, 1935. Cloth, 6 X 9 in., 548 pp., il- 
lus., diagrams, charts, tables, $3.75. This 
text is intended to give the student a grasp of 
the physical and mathematical ideas underly- 
ing the mechanics of materials, together with 
enough of the experimental facts and simple 
applications to prepare him for subsequent 
technical subjects as given in books on ma- 
chine design, reinforced concrete, or stresses 
in structures. This edition has been revised 
thoroughly. Most of the problems have 
been changed and many more are based upon 
experimental tables. 


Union-MANAGEMENT COOPERATION IN THE 
“SrretcH Ouvurt,’’ Labor Extension at the 
Pequot Mills. By R. C. Nyman and E. D. 
Smith; published for the Institute of Human 
Relations by Yale University Press, New 
Haven, 1934. Cloth, 6 X 9in., 210 pp., illus., 
charts, tables, $3. This publication, the first 
issued by the Institute of Human Relations, 
discusses one of the major problems of indus- 
trial management, the adjustment of labor to 
technological changes in an industry. The 
book presents an interesting, impartial ac- 
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count of the experiences of the Pequot Mills, 
where an effort was made by the management 
and the labor union to solve this problem by 
cooperative study. The successes and fail- 
ures of the plan are presented clearly and read- 


ably. 


V.D.1. Jaursucn, Die Chronik der Technik 
V.D.I. Verlag, Berlin, 1935. Paper, 6 X 8in., 
183 pp., 3.50 rm. This annual is intended to 
provide the busy engineer with a series of 
concise reports upon scientific and technical 
developments during 1934, from which he can 
obtain a general view of accomplishments. 
Every important branch of engineering is 
reported upon by an expert and each report 
is accompanied by references to the original 
publications. 


Vom WeERDEN DER WANDERER-WERKE, 
50 Jahre Wertarbeit, 1885-1935. Wanderer- 
Werke vorm. Winklhofer & Jaenicke Akt.- 
Ges., Sch6nau-Chemnitz. By C. Matschoss. 
V.D.I. Verlag, Berlin, 1935. Paper, 8 X 12 
in., 183 pp., illus., maps, 7.50 rm. This 
handsome volume celebrating the fiftieth 
anniversary of the Wanderer Works has general 
interest for the student of the history of engi- 
neering, in addition to its account of the 
development of one great firm. Begun in 
1885 as a bicycle shop, bicycle manufacture 
was successfully undertaken. Further de- 
velopments added the manufacture of auto- 
mobiles, milling machines, typewriters, and 
adding machines. Dr. Matschoss tells the 
story effectively. The book is profusely 
illustrated. 


WaArmMewirtscuarr. By H. Netz. B. G. 
Teubner, Leipzig and Berlin, 1935. Cloth, 6 
X 10 in., 94 pp., illus., diagrams, charts, 
tables, 5 rm. A concise review of the more 
important questions of heat engineering. 
These are discussed from a modern point of 
view, the comparative economy of various 
possibilities of heat utilization being brought 
out by numerous curves and tables. Part one 
discusses power costs in steam plants. Suc- 
ceeding parts discuss heat conversion, waste- 
heat recovery, feedwater treatment, piping, 
and measuring instruments. 


WorkING, Heat-TREATING, AND WELDING 
or Sreet, Supplemented with a series of 
Laboratory Assignments. By H. L. Campbell. 
John Wiley & Sons, New York, 1935. Cloth, 
6 X 9 in., 185 pp., illus., diagrams, charts, 
tables, $2.25. This textbook, which is 
planned to assist in the introductory study of 
certain prescribed phases of the metallurgy of 
steel, gives a concise account of the principles 
and practice relating to working, heat-treat- 
ing and welding. The chemical composition 
and physical testing of steel, the effects of 
temperature changes and mechanical working, 
processes and equipment for working, heat- 
treating and welding, and methods of pre- 
serving steel are discussed. A series of labora- 
tory assignments is appended. 


X-Rays in Tugzory aND Experiment. By 
A. A. Compton and S. K. Allison. D. Van 
Nostrand Co., New York, 1935. Cloth, 6 X 9 
in., 828 pp., illus., diagrams, charts, tables 
$7.50. This book aims ‘‘to present a compre- 
hensive view of the whole field of X-rays, to 
call attention to those aspects which seem of 
most fundamental physical significance, and 
especially to discuss the theory of the phe- 
nomena in sufficient detail that their meaning 
can be appreciated.” Students of X-rays and 
crystal structure will find the book a necessity. 
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AS.M.E. FINANCIAL CONDITION IS SOUND 


S A RESULT of unwarranted 
rumors, inquiries have been re- 
ceived about the financial condi- 

tion of The American Society of Mechani- 

calEngineers. In reply to these inquiries 

the following statement is presented. 
The Society is in a sound financial 


“1 This is the first in a series of articles on 


position, thanks to the foresight of its 
officers who in times of more abundant 
income set aside funds as a reserve to be 
used for such an emergency as the present 
depression has proved to be. The best 
evidence of this financial soundness is 
the balance sheet at September 30, 1934, 
certified by Haskins and Sells, our audi- 


annual report distributed to members of 
the Society as a supplement to the Trans- 
actions for November, 1934. For con- 
venience, it is reproduced herewith. 

A study of this balance sheet will show 
that, in addition to trust-fund invest- 
ments, the Society possessed on Septem- 
ber 30, 1934, securities for which it paid 


A.S.M.E. problems. tors. This balance sheet appeared inthe $304,675.14. In addition to these invest- 


(Reprinted from Transactions for November, 1934, Section Two) 


BALANCE SHEET SEPTEMBER 30, 1934 


ASSETS LIABILITIES 


CuRRENT ASSETS Current LIABILITIES 


Notes Payable: 
Bank (See _ securities 
pledged, contra)... $57,500.00 
thers 4,671.63 


$ 20,117.65 
Receivable—Com- 
mittee on Thermal 
Properties of Steam. 
Notes and Accounts Receiv- 
able: 
Dues (less reserve for 
uncollected items). 
Publications and Adver- 
tising (less reserve 
for uncollected items) 
Miscellaneous........... 1,534.22 
Inventories: ee 
Publications for Sale.... 33,347. 
Publications in Process. 8,228. 
ING si wsic waar eteats 4,095.52 


Securities—At Cost; (Market 
Value $30,078.75) de- 
posited as collateral 
to bank notes pay- 


Advance 


4,000.00 


Accounts Payable 

Unfilled Commitments 

Custodian Funds 

Reserve for Prepaid Sub- 
scriptions 

Accrued Interest on Certifi- 
cates of Indebted- 


$10,990. 


42,293.76 
54,818.86 


Tota Current LIABILITIES $114,562. 


45,671.59 
Four Par Cent CagrrTiFIcATES OF 
INDEBTEDNESS, due 
January 1, 1936, to 
January 1, 1944. 
Authorized $125,000 
40,925.14 Issued 


$ 36,450.00 
Less: 600. 


35,850. 


118,755. 

621,227. 
21,662. 
35,612.2 


ToTaL CURRENT ASSBTS......ccccccccce $ 165,533.24 


EstaTE MortGaGce Bonps 
AND CERTIFICATES— 
At Cost (Market 
Value $96,937.50) 
Pledged as Collateral to 
Bank Note Payable 
Pledged as Collateral to 
Certificates of In- 
debtedness......... 
Unpledged 


Trust Funp RgsmERVEs (balances as shown by books) 

PropEerTY Funp RESERVES 

RESERVE FOR EMpLoyggs’ RETIREMENT ALLOWANCES 

DEFERRED CrEDIT—DveEs RECEIVED IN ADVANCE.......... 

Surp.tus (representing excess of income—including initiation 
fees—over operating expenses and other charges, and 
subject to provision not having been made for decline 
of $177,603.89, exclusive of trust fund ogee i sy as 
of September 30, 1934, in the market value of the So- 
ciety'’s investments), PER Exurpit B 


REAL 


113,000.00 


48,750.00 
102,000. 00 


Bonps ToTaL 


Totat Reat Estate Morraacn 
AND CERTIFICATES 
Casn Hep as AppiTionaL CoL- 
LATERAL TO CERTIFI- 
CATES OF INDEBTEDNESS........0eseeeeeeee8 
Trust Funp AssETs 
Corporate Stocks and Real 
Estate Mortgage 
Certificates On 
Value — 727. eis 
Uninvested Cash. ' 


ACCOUNTANTS’ CERTIFICATE 


The American Society of Mechanical Engineers: 

We have examined your accounts for the year ended September 30, 
1934. Under the terms of our engagement, the notes and accounts 
receivable at September 30, 1934, and collections during the year 
were not verified by confirmations obtained from the debtors, nor 
were the quantities of the inventories verified by us. 

In accordance with the practise followed by the Society, there 
have not been included in its accounts nor in the accompanying 
statements any accruals of interest receivable or payable other than 
on outstanding certificates of indebtedness. 

A separate communication has been addressed to the Society 
setting forth certain recommendations relating to its accounting 
procedure and internal accounting control. 

In our opinion subject to the foregoing, the accompanying balance 
sheet and statements of income and expenses and surplus set forth, 
respectively, your financial condition at September 30, 1934, and 
the results of your operations for the year ended that date. 


118,127.16 
628.32 
Tota, Trust Funp ASSETS.........s00% 
Property Funp INVESTMENTS 

One-fourth Interest in Real 

Estate and Other 

Assets of United 

Engineering 

Trustees, Inc., Ex- 

clusive Trust 


$ 118,755.48 


496,948.48 
24,277.16 
1.00 


Office Furniture and Fixtures 
(depreciated value). 

Library Books 

Title and Good Will of Engi- 
neering Index 


1.00 

ToTat Property Funp INVESTMENTS.... $521,227.64 

DrreRRED CHARGES—Society Ac- 
tivities n= gesanscnoal to 
Subsequent years. 


[Signed] HASKINS AND SELLS 


681.46 
$1,070,266. 94 


New York, 
November 8, 1934 


NoTATION 


The yield on trust fund investments for the year based on the book value thereof at the end of the year and on cash income as 
recorded was 4.28 per cent; on the same basis the yield on the Society's investment in real estate mortgage bonds and certificates 
was 3.37 per cent. 
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ments there were other assets. Cash 
amounted to $20,117.65. The carry-over 
of dues uncollected was written down to 
$10,990.88, a most conservative figure. 
The amounts to be collected from adver- 
tising and publications sales were 
$42,293.76, made up mainly of income 
expected from Mechanical Catalog and 
billed only a few days before the close 
of the fiscal year. The inventories of 
publications and supplies amounted to 
$45,671.59 after having been written 
down to a conservative basis. The mis- 
cellaneous items total $5,534.22. The 
total of these figures is $429,283.24, 
counting securities at purchase cost, 
without deducting the estimated decline 
of $177,603.89 according to market quota- 
tions on September 30, 1934, as shown on 
the balance sheet. 

Against these assets are liabilities (as 
of September 30, 1934) of $186,025.16, of 
which $62,171.63 represents notes pay- 
able, $35,850 long-term Certificates of 
Indebtedness, and $35,612.28 dues paid 
in advance. The remainder amounting 
to $52,391.25 includes accounts payable, 
unfilled commitments, custodian funds, 
prepaid subscription reserve, and accrued 
interest. 

With assets at cost as described above 
of $429,283.24 and liabilities of only 
$186,025.16, a situation is presented 
which should be reassuring to members 
of the Society when they consider the 
circumstances of the past three years, a 
brief review of which follows: 

In 1931 the total Society income from 
all sources was $851,777.39. In 1932 the 
Society suffered an extraordinary drop in 
income—from both dues and advertising. 
This drop continued sharply in 1933 and 
1934. Strenuous efforts were continually 
made to reduce expenses. All activities 
were cut sharply. 


In 1931 and 1932 the reduction of 
income, coming as it did after commit- 
ments for expenditures had been made 
(because the budget is made up four 
months before the beginning of the fiscal 
year), resulted in operation at a deficit. 
Income fell off faster than expenses could 
be curtailed and it was necessary to re- 
sort to the utilization of the securities 
purposely acquired to meet such an emer- 
gency. This could have been done in 
two ways: The securities could have 
been sold in a distress market at a con- 
siderable loss or used as collateral in 
negotiating loans for operating expenses. 
The Society's elected officers decided in 
favor of the second alternative because 
the general depreciation in market values 
of the investments made it unwise to sell 
the securities. The wisdom of this de- 
cision has been demonstrated in the last 
eighteen months when bonds that cost 
the Society $60,258 were sold for 
$61,287. The proceeds of this sale have 
been used to retire notes held by the bank. 

In 1933 the situation was still such 
that it was unwise to sell real estate 
mortgages and other investments at a 
considerable sacrifice. Accordingly, the 
Council authorized the floating of a 
long-term loan through the issuance of 
Certificates of Indebtedness, paying 4 
percent interest. At September 30, 1934, 
there were outstanding, in the hands of 
members, Certificates of Indebtedness of 
a face value of $35,850, the proceeds of 
the sale having been used to reduce bank 
notes payable. As a result the bank 
debt had been reduced to $57,500 on 
September 30, 1934. This had been fur- 
ther reduced to $44,000 by April 1, 1935. 

All of the Society’s investments were 
made in securities legal for trust funds 
in the State of New York. The fact that 
New York banks, at a time when liquid- 


MECHANICAL ENGINEERING 


ity was being desperately maintained, 
were willing to loan the Society money 
on these investments as collateral, indi 
cates the soundness of the Society's finan 
cial condition. Although at the present 
time mortgage bonds and certificates on 
New York real estate, which represent a 
considerable portion of the Society's 
investments, do not have a ready market 
the soundness of these mortgages is indi 
cated by the fact that in the year ending 
September 30, 1934, their yield averaged 
3.37 per cent. 

The complete report of the Finance 
Committee appeared in the supplement to 
the November issue of Transactions 
The officers of the Society welcome any 
scrutiny of its financial problems and 
cooperation in working them out. 

The Council has been working hard on 
Society finances and policy. Last year 
it kept expenditures below income, de- 
creased the Society's debt and increased 
its surplus. The budget for the current 
year is on a balanced basis, income has 
exceeded estimates and expenditures are 
within income. From this achievement 
of financial stability your Council is 
working forward into a program of better 
service to the individual member and the 
profession. Each member is urged to 
study the Society's problem and make 
constructive suggestions to his Local 
Section Executive Committee, to Coun- 
cil members nearest him, to the President, 
or to the Secretary of the Society. 


[Signed] 


Rapu E. Franpers, President, 1934-1935 
Paut Dory, President, 1933-1934 

A. A. Porter, President, 1932-1933 
Conrapb N. Lauer, President, 1931-1932 
Roy V. Wricat, President, 1930-1931 
WituiaM L. Assorr, President, 1925-1926 
Wo. F. Duranp, President, 1924-1925 





WHATS GOING ON 


This Month's Authors 
few fourth of the series of addresses to 


junior engineers delivered this winter at 
the Baltimore Engineers Club and published 
by MecuanicaL ENGrineerING for the benefit 
of all of its readers is by a non-engineer, Roy 
M. Dorcus. Mr. Dorcus is an associate in 
psychology at The Johns Hopkins University 
and assistant editor of the Journal of Compara- 
tive Psychology and Comparative Psychology 
Monographs. He has made numerous contri- 
butions in the fields of experimental, indus- 
trial, and abnormal psychology 


Messrs. Moorhead and Terry, members, 
A.S.M.E., and serving with the Newport 
News Shipbuilding and Dry Dock Company, 
write on the Dnieprostroy hydraulic turbines 
designed and built in this country for the 
much publicized Soviet hydroelectric project. 
Both authors have spent about five months in 
Russia on the job their paper describes. Both 
were graduated in 1918, D. G. Moorhead from 
the University of Michigan, and R. V. Terry 
from North Carolina College. Mr. Moorhead 
has been connected with the hydraulic divi- 
sion, New York office, of the company he 
serves, since 1925. From 1926 to 1928 Mr. 


Terry was assistant hydraulic engineer, and 
since 1928 he has been hydraulic engineer of 
this same company. 

Robert R. Tatnall, graduate of Haverford 
College in 1890, spent the early years of his 
career in the study and teaching of physics. 
From 1899 to 1914 he was head of the Physics 
Department, Syracuse University. He has 
been engineer of J. E. Rhoads & Sons since 1919. 

George B. Karelitz, member A.S.M.E., is a 
native of Russia where he received degrees 10 
naval architecture and mechanical engineering 
from the Imperial Polytechnic Institute at 
Petrograd in 1918. Up to 1922, when he came 
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NORRIS DAM TO WHICH TRIP WILL BE MADE AFTER A.S.M.EI 


to this country, he was a special engineer with 
the Waterways of Communication. Since 
1922 he has been connected with the Westing- 
house Electric and Manufacturing Company as 
research engineer, manager mechanics divi- 
sion, Pittsburgh Research Laboratories, man- 
ager transportation, South Philadelphia 
Works, engineering department, and consult- 
ing engineer. Since 1930 he has been associate 
professor, department of mechanical engineer- 
ing, Columbia University. 

The co-authors of the article on Boiler-Steel 
Embrittlement have summarized published 
information on this subject in a report to a 
subcommittee of the Joint Research Committee 
on Boiler Feedwater Studies. Everett P 
Partridge has been supervising engineer, Non- 
metallic Minerals Experiment Station, U. S. 
Bureau of Mines, Rutgers University, since 
1931. 


ate editor, Industrial and Engineering Chemistry, 


Prior to this date he served as associ- 


at the same time acting as research engineer in 
the Department of Engineering Research, Uni- 
versity of Michigan. W. C. Schroeder, is 
Fellow in Boiler Feedwater Studies, Depart- 
ment of Chemical Engineering, University 
of Michigan, and Detroit Edison Fellow in the 
study of boiler-scale formation. 

William B. Coleman, who contributes the 
interesting biographical sketch of Walton, 
founder of the linoleum industry, was gradu- 
ated in 1924 in Chemical Engineering from the 
Massachusetts Institute of Technology. Since 
then he has been working in the development 
department of Congoleum-Nairn, Inc., during 
which time his interest in Walton was aroused. 

The second of a series of reviews of current 


economic topics of unusual interest to mechani- 
cal engineers prepared by members of the De- 
partment of Economics, Massachusetts Insti- 
tute of Technology, is contributed by B. A. 
Thresher of that department. 


George W. Carter and S. Clark Jacobsen 


SEMI-ANNUAL MEETING 


have been engaged in research work at the 
University of Utah on low-temperature car- 
bonization of the cannel coals of the Rocky 
Mountain Coal Province. Both are recent 
graduates of the University of Utah and both 
are junior members, A.S.M.E. 


Plans Well Advanced for 1935 A.S.M.E. Semi-Annual 
Meeting at Cincinnati 


RECEDING the A.S.M.E. 1935 Semi- 

Annual Meeting at Cincinnati, June 19-21, 
the Council of the Society will convene on 
June 18 at the Hotel Gibson, convention 
headquarters. 

Among the technical sessions a specially 
timely symposium on Wednesday, June 19, 
will be devoted to engineering in modern 
house construction. It will deal with recent 
developments of prefabricated houses. 

The Nominating Committee, A. G. Christie, 
chairman, will be in session during the meeting, 
so that members may appear before it in sup- 
port of candidates for office. The Commit- 
tee’s first session will be at 10:00 a.m., June 19. 

Two materials-handling sessions will con- 
sist of a group of illustrated talks on the 
advancement being made in the handling of 
materials. This part of the program has been 
specially arranged by the Materials Handling 
Division and the Cincinnati Section and prom- 
ises to be of unusual value to production engi- 
neers and executives. 

Also on Wednesday there will be three 
papers on education and training for the indus- 


tries. George A. Seyler, chairman, Committee 
on Education and Training for the Industries, 
A.S.M.E., will preside at this session. ‘‘Back- 
grounds of the Cooperative System,”’ is the 
title of a paper by Dr. Herman Schneider, 
Dean of the College of Engineering and Com- 
merce of the University of Cincinnati. As the 
originacor of the cooperative system of engi- 
neering education, Dean Schneider speaks with 
authority. Having been associated with 
cooperative education for over a quarter of a 
century, he knows it and its possibilities 
thoroughly. The other two papers relate to 
apprenticeship systems. William F. Patter- 
son, of Milwaukee, temporarily acting as 
executive secretary, Federal Committee on 
Apprentice Training, Washington, D. C., will 
report on the latest developments of this 
interesting movement. J. F. Kolb, Director, 
Department of Industrial Relations, National 
Metal Trades Association, will discuss ap- 
prenticeship systems in the light of the experi- 
ence of that association. Both these men are 
experienced speakers, and each has an inter- 
esting story to tell 
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On Thursday there will be three lectures on 
color sponsored by the Society's Graphic Arts 
Division (formerly the Printing Industries 
Division) and the Graphic Arts Research 
Bureau. These lectures of general interest 
will deal with color chemistry, color as light, 
and color in use. They will include facts 
about chemistry of color that should be gen- 
erally understood by engineers and executives, 
and will be illustrated by dramatic exhibits. 
They will discuss the steps being taken by 
color chemists that will affect new vehicles, 
progress in producing non-fading and alkaline- 
proof permanent colors for packages, and 
colors for general printing and for paints. 
The three lectures will be given by Dr. A. E. 
Gessler, of the Research Laboratory of Inter- 
national Printing, Inc., Prof. Arthur C. Hardy, 
of the Massachusetts Institute of Technology, 
and George L. Welp, color expert. 

The Management Division is sponsoring 
two sessions, one on quality control in manu- 
facturing with a discussion of recording 
systems, statiscical control, inspection control, 
and effective handling of complaints on 
quality. The other will be given over to 
waste elimination in manufacturing. 

On Friday the Machine Shop Practice 
Division will have a session on machine-tool 
economics which will include a discussion of 
industrial standards. In the afternoon it is 
planned to have a session on the Tennessee 
Valley development covering both its eco- 
nomic and technical features. This will serve 
as an excellent introduction to the Norris 
Dam trip. 

This trip to Norris Dam, to be held at the 
close of the meeting jointly with the Society 
for the Promotion of Engineering Education, 
will consist of a meeting at Norris, Tenn., on 
Saturday, June 22, arranged by the Knoxville 
Section in cooperation with the Tennessee 
Valley Authority. There will be an after- 
noon meeting at the Norris Recreation Hall 
Auditorium with special films and an address 
on the inspection of the work. This will be 
followed by dinner and an evening tour of 
Norris Dam and the town of Norris. 

Complete details of the program will be 
given in the June issue of Mecnanicat Enot- 
NEERING. A total of twenty-four sessions will 
be held by the Society's professional divisions 
The Fuels and Power Division together will 
hold four sessions; Machine Shop Practice, 
four; Graphic Arts, four; Management, two; 
Wood-Industries, two, and Materials Han- 
dling, two; others holding single sessions are 
the Iron and Steel, Education and Training, 
Railroad, Hydraulics, Process Industries, and 
Aeronautics Divisions. 


Sessions Being Arranged for 
A.S.M.E. Applied Mechanics 
Meeting 


R. S. TIMOSHENKO, who is arranging 
D the program for the National Applied 
Mechanics meeting of the A.S.M.E. to be held 
at the University of Michigan, Ann Arbor, 
Mich., June 18 and 19, announces that a tech- 
nical program of ten to twelve papers is being 


planned and a dinner meeting on Tuesday 
night, June 18. Sessions will cover elasticity, 
plasticity, vibration, and dynamics. 

This National meeting will precede and 
overlap slightly on the Society's Semi-Annual 
Meeting at Cincinnati, Ohio, but coordination 
of the two programs has been arranged. The 
meeting at the University of Michigan will 
also precede the university's summer session 
on engineering mechanics in which there are 
courses especially planned for teachers of engi- 
neering mechanics and graduates working for 
doctors’ degrees. Among those giving lec- 
tures in the courses are well-known specialists 
of Europe. An announcement of this session 
appeared in the April issue of MecHanicaL 
ENGINEERING, page 270. 


A.S.M.E. Oil and Gas Power 
Meeting at Tulsa, May 8-11 


HE program for the six technical sessions 

at the National Oil and Gas Power Meet- 
ing to be held at Tulsa, Oklahoma, May 8 to 
11, will cover the latest developments in this 
field, and in particular the use of power in 
pipe-line pumping and oil production. 

The meeting will be held at the Hotel Mayo 
and will be under the auspices of the Oil and 
Gas Power Division and the Mid-Continent 
Section of the A.S.M.E. 

Of special interest among the papers being 
presented are those on fuel-oil characteristics 
and central power plants transmitcing power 
to wells. The formal technical papers will 
be made available by the Division and Section 
in cooperation with the Oé/ and Gas Journal 
and Diesel Power 

A detailed program follows: 


WEDNESDAY, MAY 8 


9:30 a.m. Registration 
11:00 a.m. Opening Session 


Chairman: Harte Cooke, Mechanical Engineer, 
McIntosh Seymour Co., Auburn, N. Y. 

Experiences With High-Speed Diesel Engines 
in Pipe-Line Service, by J. B. Harshman, 
Stanolind Pipe Line Co., Tulsa, Okla. 


2:30 p.m. Diesel-Fuel Session 


Chairman: Lester M. Goldsmith, Atlantic 
Refining Co., Philadelphia, Pa. 

Characteristics of Diesel Fuel Oil, by W. F. 
Joachim, Atlantic Refining Co., Phila- 
delphia, Pa. 


THURSDAY, MAY 9 


9:30 a.m. Central-Power-Plant Session 


Chairman: H. F. Brindel, Gypsy Oil Co., 
Tulsa, Okla. 

Central Generating Plants Transmitting Power 
Electrically to Wells, by George Bays, 
Stanolind Oil & Gas Co., Tulsa, Okla. 

Central Power Plants Transmitting Power 
Mechanically to Wells, by Austin Allen, 
Phillips Petroleum Co., Bartlesville, Okla. 

12:00 m. Busses leave hotel for inspection 
trip to the Hominy Pumping Station of the 
Stanolind Pipe Line Co. 
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FRIDAY, MAY 10 


9:30 a.m. Morning Session 


Chairman: W.H. Carson, University of Okla- 
homa, Norman, Okla. 

Central Power Plants Transmitting Power 
Pneumatically to Wells, by Paul D. Corne- 
lius, Sullivan Corp., Tulsa, Okla. 

Diesel and Gas Individual Well-Pumping 
Units, by Glenver McConnell, Shell Pe- 
troleum Corp., Tulsa, Okla. 

Insurance of Diesel Engines, by H. J. Vandereb, 
Hartford Steam Boiler Inspection & Insur 
ance Co., Hartford, Conn. 


2:00 p.m. Afternoon Session 


Chairman: Ralph Miller, Chief Engineer, 
Ingersoll-Rand Co., Phillipsburg, N. J. 
Experiences With Fuel-Injection Equipment in 
Oil-Field Service, by Carl Behn, United 
American Bosch Co., Springfield, Mass. 
Compressed-Air Transmission With Diesel 
Locomotives, by Carl Bjornsson, Engineer- 
ing Department, Clark Bros., Olean, N. Y. 


6:30 p.m. Informal Dinner 


SATURDAY, MAY 11 


9:30 a.m. Morning Session 


Chairman: H. P. Porter, Chairman, Mid-Con- 
tinent Section, A.S.M.E. 
Informal Discussion of: 
Experience With Explosions in Air Piping 
Due to Fuel Leaking Into Air System 
Air-Compressor Explosions and Methods of 
Correction 
Causes and Correction of Corrosion of Bear- 
ings and Crankshafts 
Possibility of Control of Combustion Pres- 
sures in Solid-Injection Engines to Secure 
Smoother Operation and to Reduce 
Stresses on Working Parts. 


Royal Society of Arts Offers 
Prizes for Inventions and 
Essays 


T THE request of G. K. Menzies, secre 
tary, Royal Society of Arts, John Street, 
Adelphi, London, England, the following 
notice of the Thomas Gray Memorial Trust 
Prizes, offered in 1935 for the improvement 
and encouragement of navigation, is presented 
The Council of the Royal Society of Arts 
offers the following prizes: 


(1) PRIZE FOR AN INVENTION 


A prize of £100 to any person who may 
bring to their notice an invention, publication, 
diagram, etc., which, in the opinion of the 
judges appointed by the council, is considered 
to be an advancement in the science or practice 
of navigation, proposed or invented by him- 
self in the period January 1, 1930, to Decen 
ber 31, 1935. Entries which have already 
been considered by the judges in the years 
1930-1934 are not eligible for further con 
sideration unless they have since been mate- 
rially modified. 

In the event of more than one such improve- 
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ment being approved, the council reserve the 
right of dividing the amount into two or 
more prizes at their discretion. Competitors 
must forward their proofs of claim on or 
before December 31, 1935, to the Secretary, 
Royal Society of Arts. 


(2) PRIZE FOR AN ESSAY 


A prize of £100 for an essay on the following 
subject: ‘Modern Navigational Appliances.”’ 

1) Appliances made possible by electricity 
on board, e.g., Wireless D.F., Echo Soundings, 
Gyroscope, etc. 

(2) Appliances not depending on electric- 
ity, ¢.g., Range Finding, Sounding Machine, 
Compass, etc. 

Candidates are expected to deal with both 
sections. They should write from a practical 
point of view and give their views on the 
advantages and disadvantages or failures (if 
any) of modern electrical aids to navigation, 
based if possible on personal experience. 

Competitors must send in their essays not 
later than December 31, 1935, to the Secre- 
tary, Royal Society of Arts. 

The essays must be typed in English. They 
must be sent in under a motto, accompanied 
by a sealed envelope enclosing the author's 
name, which must on no account be written 
on the essay. A breach of this regulation 
will result in disqualification. 

Both competitions are open to persons of 
any nationality, but, in the case of the essay 
competition only, competitors must be past 
or present members of the seafaring profession. 

The judges will be appointed by the council. 

The council reserves the right of withholding 
a prize or of awarding a smaller prize or prizes, 
if in the opinion of the judges no suitable 
invention or essay is submitted. 

The council also reserves an option on the 
copyright of the successful essay or essays, but 
does not claim any rights in respect of any in- 
vention to which a prize may be awarded. 


Consumers-Goods-Industry 
Investigation to Enlarge 
Its Work 


URING March cards were sent to mem- 

bers of the A.S.M.E. Metropolitan 
Section, New York, inquiring if they were 
interested in participating in the Junior Group 
investigation of the consumers-goods indus- 
tries for the purpose of uncovering new oppor- 
tunities for engineers (see Mecuanicat Enat- 
NEERING, March, pp. 198-199). The replies 
showed that the junior members are actively 
interested in the project. The committee feels 
that it should, in response to the interest 
expressed by the number of replies, increase its 
scope by subdividing the investigations so that 
greater number of men may participate. 
In order that a larger group of men may be 
iccommodated, future meetings will be held 
very first and third Monday of the month at 
he Engineering Societies Building. Any one 
vho is interested is invited to attend the 
meetings as a visitor or as a participant. The 
mmittee would appreciate an early response 
’m those who wish to join in the work so 


ot 


c 


fr 


that the industries not already assigned may 
be allocated to them. 

Working on the project is not restricted to 
those who are now engaged in the consumers- 
goods industries, or to those who plan to enter 
these fields, but it is open to all young engi- 
neers. Men who are primarily interested in 
the capical-goods industries can also obtain 
benefits by working on the investigation. 

The method of the investigation is such that 
every man will not only obtain a greater 
knowledge of a specific industry but also 
a greater understanding of the whole group 
of consumers-goods industries. So that each 
man can obtain the greatest personal benefit 
from the investigation, the committee assigns 
to each worker, for study, a separate industry. 
The man is responsible for collecting all the 
data pertinent to this industry. Then, when 
he has acquired a general picture of the indus- 
try, he presents the data collected according 
to the procedure, to the meeting. The group 
as a whole analyzes and comments upon the 
data under the guidance of the investigator of 
the industry under study. Thus as each in- 
dustry is studied the group as a whole increases 
its knowiedge of the consumers-goods indus- 
tries, and each member has a specialized 
knowledge of a specific industry. 

The work is being carried on under the 
direction of a committee of the Metropolitan 
Junior Group known as the Committee for 
the Investigation of New Industrial Fields, 
of which Eugene Koenig is chairman. Sub- 
committee chairmen are Joseph Nelson and 
William J. McLarney. 


Officers of National Engineer- 
ing Societies to Hold Joint 
Meeting May 20 
power and directors of the national 


societies of civil, mining and metallur- 
gical, mechanical, and electrical engineers, 
and of their several jointly sponsored func- 
tional organizations will all meet together 
for dinner Monday, May 20, at the Engineers’ 
Club in New York, according to plans recently 
announced by United Engineering Trustees, 
Inc., acting for the societies in sponsoring the 
proposed meeting. Harvey N. Davis, Presi- 
dent, Stevens Institute of Technology, will 
act astoastmaster. This is the first time in the 
history of the engineering societies that any 
such meeting has been undertaken and it is 
considered to be an important and significant 
step toward the establishment of a broader and 
clearer understanding of the scope and signifi- 
cance of the work carried on jointly by the 
several participating societies. 

A wide variety of technical and other ac- 
tivities of importance to every branch of the 
engineering profession is now, and for many 
years has been, carried on by the agencies 
jointly created and sponsored by the engi- 
neering societies: United Engineering Trus- 
tees, Inc., and its two departments, The Engi- 
neering Societies Library and The Engineering 
Foundation; American Standards Association; 
the Division of Engineering and Industrial 
Research of the National Research Council; 
Engineering Societies’ Employment Service, 
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and Engineers’ National Relief Fund; Ameri- 
can Engineering Council; and, more recently, 
Engineers’ Council for Professional Develop- 
ment. The activities, ideals, and procedures 
of each of these agencies will be described and 
explained concisely by society representatives 
who have been long associated with the work 
in each case. 

Plans for this joint dinner meeting have 
grown out of discussions between the United 
Engineering Trustees and the secretaries of the 
Founder societies that began in January. The 
committee in charge of the affair includes 
Dr. Alfred D. Flinn, director of The Engincer- 
ing Foundation, chairman; H. V. Coes, presi- 
dent of United Engineering Trustees, Inc., 
honorary chairman; George T. Seabury, 
secretary, American Society of Civil Engineers; 
A. B. Parsons, secretary, American Institute 
of Mining and Metallurgical Engineers; C. E. 
Davies, secretary, American Society of Me- 
chanical Engineers; H. H. Henline, Secretary, 
American Institute of Electrical Engineers; 
and John Arms, secretary, United Engineering 
Trustees, Inc. 


Annual Report of Engineering 
Foundation 


HE 1934 Annual Report of The Engineer- 
ing Foundation, Ambrose Swasey, foun- 
der, established in 1914 for the Founder 
Engineering Societies, was published in April. 
During the year the twentieth anniversary 
of the Foundation was appropriately cele- 
brated, as was previously reported (see Me- 
CHANICAL ENGINEERING, December, 1934, page 
768). 

Capital funds of the Foundation are reported 
as endowments having a total book value, 
December 31, 1934, of $882,000. The net 
income from endowment was $40,000, in 1934. 
The E. H. McHenry bequest in the hands of 
executors until the life of two life beneficiaries 
at probate of will in 1931, is approximately 
$400,000. 

“Activities in 1934,"’ states the report, 
“included investigations of concrete and 
reinforced-concrete arches, earths and founda- 
tions and plastic properties of concrete, in the 
civil engineering field; critical review of the 
world’s literature on alloy irons and alloy 
steels since 1890, and barodynamic research, 
both sponsored by the American Institute of 
Mining and Metallurgical Engineers; in 
cooperation with committees of The American 
Society of Mechanical Engineers, studies of 
effect of temperature on properties of metals, 
cutting of metals, thermal properties of steam, 
mechanical springs, riveted joints, and wire 
rope; under sponsorship of the American 
Institute of Electrical Engineers and electric 
welding research on pure iron electrodes."’ 

The Engineering Foundation whose head- 
quarters are the Engineering Societies Build- 
ing, New York, devotes its resources to human 
as well as technical aspects of engineering 
problems of wide interest. It aids activities 
for ‘‘the furtherance of research in science and 
engineering and the advancement in any other 
manner of the profession of engineering and 
the good of mankind.”’ 
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Engineering Foundation 
News 


MONG activities of The Engineering 

Foundation of interest to mechanical 
engineers reported since January 1, 1935, are 
the following: 

Work began January 2 on research on the 
plasticity of metals under the leadership of 
Dr. A. Nadai, member, A.S.M.E., an inter- 
national authority, in cooperation with Uni- 
versity of Pittsburgh and a number of indus- 
trial companies. 

Research Procedure Committee, D. Robert 
Yarnall, chairman, and Iron Alloys Com- 
mittee, George B. Waterhouse, chairman, 
were reappointed. Education Research Com- 
mittee, Harvey N. Davis, chairman, was dis- 
charged, on request, with special appreciation 
for producing the booklet, *Engineering— 
A Career, A Culture,”’ and for other valuable 
services. Appointment of a Welding Research 
Committee was authorized, if a plan for co- 
ordinated welding research and nominations 
for members be received from the A.I.E.E. and 
associated organizations. A Platform and 
Program Committee was appointed, Otis E. 
Hovey, chairman. 

‘Principles of Phase Diagrams,’ the fifth 
Alloys of Iron book was issued in March. It 
explains and illustrates the thermodynamic 
principles underlying the behavior of a system 
of metals or other substances under changing 
conditions of temperature, composition, and 
pressure. It is a tool book for metallurgists 
in industry and a textbook for colleges. 

Progress has been made by a planning com- 
mittee toward stating a coordinated, compre- 
hensive project, arranging a conference of 
representatives of interested organizations and 
industries, and selecting men to be nominated 
for members of the proposed Welding Research 
Committee. Members of the planning com- 
mittee are F. M. Farmer, chairman, Chairman 
of Research Committee of A.I.E.E., Dr. D. S. 
Jacobus, president, American Welding Society, 
Prof. C. A. Adams, director, American Bureau 
of Welding. 

Officers elected at the annual meeting for 
period ending September 30, 1935: Chairman, 
H. P. Charlesworth, Vice-Chairman, D. Rob- 
ert Yarnall; other members of Executive 
Committee are J. V. N. Dorr, Edwards R. Fish, 
and Otis E. Hovey; and the director and 
secretary, Alfred D. Flinn 

Representatives of the A.S.M.E. on The 
Engineering Foundation are A. E. White, 
D. Robert Yarnall, and W. H. Fulweiler 


Conrad Matschoss Resigns as 
Director, V.D.I. 


N JANUARY 1, 1935, Conrad Matschoss, 

honorary member, A.S.M.E., resigned 
as director of the Verein deutscher Ingenieure 
in order to devote himself more intensively to 
his historical work. The president of the 
Verein deutscher Ingenieure has assigned Dr 
Matschoss the special duty of promoting 
friendly relations with engineers in other 
countries, 


V.D.1. Honors Elihu 
Thomson 


N THE occasion of his 82nd birthday 

March 29, Dr. Elihu Thomson, Honorary 
Member, A.S.M.E., holder of more than 700 
patents in the United States and father of 
alternating-current distribution, was awarded 
the medal of honor of the Verein Deutscher 
Ingenieure, the outstanding award of the 
German engineering profession. The medal 
of honor has previously been conferred on but 
five non-Germans, only one of whom was an 
American—the late Dr. Calvin W. Rice. 
‘*Professor’’ Thomson, as he is most frequently 
called in his profession, is the first American 
to be awarded any German honorary medal or 
degree since the organization of the new 
government. 

Presentation of the medal was made in 
Boston by Herr Von Tippelskirch, German 
consul general in that city, on the occasion 
of a meeting of the board of directors of the 
General Electric Company, of which Dr. 
Thomson was one of the founders. A.S.M.E. 
representatives at the ceremony were Prof. 


James A. Hall, member of Council, Past-Presi- 


dent Charles T. Main, Prof. Lionel S. Marks, 
and Mr. I. E. Moultrop. 

At the services in Berlin were U. S. Ambas- 
sador William E. Dodd, Ernst F. S. Hanfstaen- 
gel, foreign press chief of the Nazi party, and 
President Dr. Hermann Buecher of the All- 
gemeine Elektricitats Gesellschaft who were 
addressed by President H. Schule of the 
Verein, who said: ““We German engineers who, 
with our leader, believe that this world can 
only be freed from the great troubles of the 
world crisis by honorable, peaceful, and fruit- 
ful work, honor Elihu Thomson, the inventor 
and research scientist. 
erator. 

The citation with the medal read as follows: 
‘On Elihu Thomson, the great pioneer in the 
realm of engineering, the inventor and research 
scientist, the promoter of cooperation among 
engineers, there is conferred, on the anniver- 
sary of his 82nd birthday, the V.D.I. medal of 
honor.”’ 

The medal was accepted on behalf of Pro- 
fessor Thomson, whose health confined him 
to his home in Swampscott, Mass., by E. W. 
Rice, Jr., who is an old colleague of the re- 
cipient, is a former president of General 
Electric, and is now the honorary chairman 
of its board of directors 

Professor Thomson, besides being one of 
the founders of the General Electric Company, 
is known among scientists all over the world 
for his research and inventions in the electrical 
field. In addition to being the father of 
alternating-current distribution and _ the 
grantee of more than 700 U. S. patents, he was 
a pioneer in arc-lighting and _ wireless-teleg- 
raphy development. 

He has received so many honors and awards 
for his achievements that it is difficult to list 
them all. He is the only scientist in the world 
possessing all three of the following outstand- 
ing awards of English scientific and engineer- 
ing institutions: the Faraday medal, the Kel- 
vin gold medal, and the Hughes medal of the 
Roval Society. Other honors include the 


He is the great coop- 
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Franklin medal, the John Scott medal, the 
John Fritz medal, the Paris Exposition Grand 
Prix, the Rumford medal, the Elliott Cresson 
medal, and the first Edison medal of the 
A.I.E.E. He is a Chevalier and Officer of the 
French Legion of Honor and an honorary 
member of the Royal Institute of Great Britain. 
Because of the fact that Germany is today in 
need of gold to support its currency, the medal 
is of bronze but is embedded in an especially 
designed case encrusted with amber, a material 
referred to in Germany as ‘‘German gold.” 


Meetings of Other Societies 
$.P.E.E. IN ATLANTA, JUNE 24 TO 27 


HE 43d Annual Meeting of the Society 

for the Promotion of Engineering Educa- 
tion will be held at the Georgia School of 
Technology, Atlanta, Ga., June 24 to 27 


A.S.H. & V.E. IN TORONTO, JUNE 17 to 19 
The 1935 Semi-Annual Meeting of the 
American Society of Heating and Ventilating 
Engineers will be held at the Royal York 
Hotel, Toronto, Ontario, Canada, June 17, 
18, and 19, 1935. 


GEAR MANUFACTURERS IN WILKINSBURG, 
MAY 14 aND 15 
The American Gear Manufacturers Associa- 
tion will hold its annual meeting at the Penn- 
Lincoln Hotel, Wilkinsburg, Pa. (Pittsburgh 
May 14 and 15, 1935 


SPECIAL LIBRARIANS CONVENTION, BOSTON, 


JUNE 11 tro 14 


The Special Libraries Association will hold 
its 27th annual convention in Boston, June 11 
to 14, with headquarters at Hotel Statler 
The Science-Technology Group, which, with 
a membership of over 200, is one of the most 
active and alert, will hold three meetings. 


A.E.C. News From 
Washington 
WORK-RELIEF BILL 


HE engineering nature of the program to 

be based on the $4,888,000,000 work-reliet 
bill, recently signed by President Roosevelc, 
becomes evident from the type of projects 
earmarked in the bill. The $4,880,000,00 
represents an appropriation of 4 billions plus 
the release of approximately 880 millions 
from past appropriations. The latter sum ts 
to be used mainly for continuance of reliet 
through June 30 and for repayment of PWA 
funds temporarily placed in relief channels 
while passage of the bill hung fire. Alloca 
tion of the 4 billions is as follows: 


Highways; roads; grade cross- 
SS ot aan ae Mee a a 
Rural rehabilitation and relief 

in stricken areas; water 
comservation; trans-moun- 
tain water diversion; irri- 
gation; reclamation 
Rural electrification 
Housing...... 


$ 800 million 


500 millions 
100 millions 
450 millions 


Continued on page 338 
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Top view of Enclosed Design REEVES Transmission with cover removed 
to illustrate convenient system of ‘‘centralized’’ force-feed lubrication. 


TO SIMPLIFY THE DESIGNER’S PROBLEM 


»«.- many adaptable speed control units in one complete line 


@“ONE of the most important problems in the development of 
production machinery is that of making the machine thoroughly 
flexible in speed control’’, wrote the editor of a widely-read engi- 
neering magazine recently. 

To simplify this problem and to make it easy to equip every 
new machine for efficient performance under every operating con- 
dition, REEVES provides the Variable Speed Transmission in 
many designs, types, sizes. This adaptability is an outstanding 
reason why the REEVES is used by builders of more than 1100 
different makes of machines. 

For example, the internal operating mechanism, without 
frame, may be incorporated right into the frame or base of 


REEVES VARIABLE SPEED TRANSMISSION 


REEVES PULLEY COMPANY, COLUMBUS, INDIANA 
Without obligation, send facts on applying REEVES Special Control to: 
Also ned copy at Catales G-99. 
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the driven machine. Wide range of enclosed designs, open 
designs—and vertical designs, for saving valuable horizontal 
space. Units with compact motor mounting . . . Units substitut- 
ing your own support bearings. Even lubrication, not only of 
Transmission but of entire driven machine, may be centralized 
in one accessible panel. 

The designer who adopts the REEVES is freed from limitations 
imposed by speed control units requiring special mountings and a 
fixed amount of space. He can plan his machine from the most 

practical engineering standpoints and know that it is equipped 
for most efficient and lowest-cost production... Let REEVES 
engineers counsel with you on the best application for your needs. 


TIME-TESTED SPEED REGULATION 


Company 


Address. 
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Assistance for educational, 
professional, and clerical 
persons Ceeereseseevsecveces 

Civilian Conservation Corps. . 

Loans and grants to states, 
municipalities, etc., not less 
than 25 per cent of each loan 
or grant for work.......... 

Sanitation; prevention of soil 
erosion ; prevention of stream 
pollution; sea-coast erosion ; 
reforestation; flood control; 
rivers and harbors; miscel- 
| OAS SR eae are 


300 millions 
600 millions 


900 millions 


350 millions 


Total...................-- $4000 millions 


Not to exceed 20 per cent of the 4 billions 
may be used to increase any one or more of 
the items. 

The items may be somewhat misleading in 
that they represent classes of work rather 
than functional divisions of the program. Any 
given item, practically speaking, may be 
split between several operating agencies of the 
Government. 

To reclassify, the three headings, relief, 
agriculture, and public works, are more de- 
scriptive. Administrator Hopkins takes a 
dominant role and will handle work-relief 
activities touching almost every imaginable 
phase of human activity. Secretary Tugwell 
again takes prominence in his supervision of 
agricultural phases, including rural electri- 
fication and soil erosion control. Secretary 
Ickes is still in with work of the PWA type 
but he is shorn of some of his functions and is 
less of a public-works czar than before. 
Bureau of Public Roads will handle highway 
allotments, the largest stugle phase. Admiral 
Peoples has public buildings. An advisory 
committee headed by General Wood will 
represent industry. CCC is strengthened and 
remains a sort of labor pool for almost any 
phase of the program. Just where housing 
fits is not yet clear but the rural rehabilitation 
phase will be an important item. The presi- 
dent controls all and has broad powers in 
shaping and reshaping the program. 

General policies remain much as set in the 
President's first message to this Congress, 
giving preference to useful projects employing 
a high ratio of direct labor with some prospect 
of self-liquidation. Wages are to be more 
than doles but less than regular pay scales— 
the security-wage idea. Competition with 
private industry is to be avoided. A shift of 
employables from cash relief into work-relief 
projects will be undertaken as speedily as 
possible, focusing on the centers of unem- 
ployment, so that the present work-relief 
figure will be raised from 2'/2 to 3'/2 million 
persons, while unemployables are thrown to 
the states. The hope is to carry through until 
private employment, stimulated perhaps by 
the indirect effects of the program, takes up 
the load. 

Above all, employment and social welfare 
are the main principles and those in control 
are known “‘Liberals."’ But politics is power- 
ful. There is an election next year. Much 
that is done in the selection of projects and 
personnel will be a compromise between the 
social view and the political view. 


Further details are confused as the plans of 
Federal agencies are re-aligned under the bill. 
News is full of conflicting rumors. Discount 
nine-tenths and disbelieve the other tenth 
unless based upon executive orders from the 
President. As soon as the set-up really is 
known, the American Engineering Council 
will report it. 

American Engineering Council, the repre- 
sentatives of its member societies, and other 
groups of organized engineers are actively 
negotiating in Washington with regard to the 
engineers’ part in the vast program. 


U. 8. CHAMBER OF COMMERC2 MEETING 


Durable goods and housing will be the 
subject of a round-table conference in Washing- 
ton April 30 at the annual meeting of the U. S. 
Chamber of Commerce, arranged through the 
suggestion of Alonzo J. Hammond, vice- 
president of A.E.C., who is a member of the 
Chamber's Committee on Relief Activities, 
and with the cooperation of A. P. Greense 
felder, vice-chairman of the Construction and 
Civil Development Department Committee of 
the Chamber. Topics and speakers will be: 
“Equipment Needs of American Industry," 
John W. Leary, president, Machinery and 
Allied Products Institute; ‘‘Release of Capital 
Funds for Durable-Goods Revival,"’ speaker 
to be announced; and ‘‘A Business View of 
the Government Housing Program,”* by Dr. 
G. A. Nichols, president, G. A. Nichols, Inc., 
Oklahoma City. Secretaries of member or- 
ganizations of Council have been invited to 
attend and to be prepared to enter the discus- 
sion. 


L. V. Reese to Assist F. M. 
Feiker on American En- 
gineering Council 


V. REESE, who has been handling Rural 
e Industrial Communities in the Rural Re- 
habilitation Program of the Federal Emergency 
Relief Administration, has resigned to become 
assistant secretary of the American Engineering 
Council in Washington. He has also served 
the FERA as executive secretary of the District 
of Columbia Rehabilitation Corporation and 
as planning engineer for the Texas Relief Com- 
mission. 

In his new position, Mr. Reese will assist 
the executive secretary, Frederick M. Feiker 
in carrying out the enlarged program of the 
American Engineering Council voted at its 
recent annual meeting as a service agency for 
relating the organized engineering professions 
to national affairs in the public interest. He 
will serve also as a liaison officer between the 
Federal agencies and organized national, state, 
and local professional engineering societies, by 
which 222 localities are coordinated. 

His assistance will be available both to 
Government agencies and to the member 
organizations of American Engineering Coun- 
cil, to make effective the engineers’ contribu- 
tion in planning and executing the $4,880,000,- 
000 work-relief program, almost every phase 
of which is an engineering job. 

Mr. Reese, who is 43, was educated in civil 
engineering at the University of Texas and in 
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mechanical, metallurgical, and industrial engi- 
neering at Columbia and New York Universi- 
ties. His experience in engineering and execu- 
tive capacities has been extensive. Prior to 
his service with Federal agencies he was en- 
gaged in the industrial, public-utility and 
construction fields. He was assistant to the 
president and manager of the research division 
of the American Foundry and Machine Com- 
pany, vice-president and general manager of the 
Erie City Iron Works, and chief engineering 
executive of the American Metal Company and 
the United States Metals Refining Company. 
During the War, he was assistant supervising 
constructing quartermaster on cantonment 
work for the U. S. Army. For several years 
before the War he managed his own engi- 
neering business, doing civil and industrial 
engineering and the construction of industrial 
plants, public buildings, and utilities. 


E.C.P.D. Second Annual 
Report Now Available 


EVELOPMENTS in the cooperative pro- 
gram of engineering societies, educators, 
and representatives of state licensing boards 
looking toward the improvement of the engi- 
neering profession and the enhancement of the 
status of its members are recorded in the Sec- 
ond Annual Report of the Engineers’ Council 
for Professional Development, published on 
April 15. 

The report, copies of which may be ob- 
tained at the headquarters of the Council, 
29 West 39th Street, New York, N. Y., at 25 
cents each, is a pamphlet of 44 pages and in- 
cludes four individual reports of the Council's 
principal committees on student selection and 
guidance, engineering schools, professional 
training, and professional recognition. 

C. F. Hirshfeld, director of research, De- 
troit Edison Company, and C. E. Davies, sec- 
retary, of The American Society of Mechanical 
Engineers, acting, respectively, as chairman 
and secretary of the Council for 1934, call at- 
tention in the main report to the progress 
made during the year. The seven partici- 
pating bodies approved the recommendation 
that the E.C.P.D. be established as an ac- 
crediting agency for schools of engineering. 
Two of the participating societies, the Ameri- 
can Society of Civil Engineers, and The Ameri- 
can Society of Mechanical Engineers approved 
in principle a definition of an engineer, pro- 
posed by the Council, and standard grades of 
membership in engineering societies, a recom- 
mendation of the Council. Another partici- 
pating body, the National Council of State 
Boards of Engineering Examiners, approved 
the definition. 

In addition to the reports of the four major 
committees, the main report also includes the 
Charter and Rules of Procedure of the E.C.P.D., 
the verbatim statement of five policies pre- 
viously adopted by the E.C.P.D., and the 
complete personnel of the Council and all of 
its committees. The report is thus a complete 
and authoritative source of information on the 
work and organization of this body. 

The Engineers’ Council for Professional De- 
velopment is a Conference of Engineering 

(Continued on page 340) 
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Hrrae plate 


gives capacity in horsepower 
according to the formula estab- 
lished by the American Gear 
Manufacturers Association. A 
nameplate of this character will 
be affixed as soon as possible to 
the products of the companies 
whose names are listed below: 


The American Gear Manufacturers Association has 
unanimously adopted as Recommended Practice 
rating formulas for determining the capacity of 
any standard helical or herringbone geared speed 
reducer or any heavy duty worm geared speed 
reducer. These Formulas are the result of several 
years of experimental work and mathematical 
research by a Committee of Engineers especially 
appointed for the purpose by the A. G. M.A. 
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Ce users of SPEED REDUCERS 





Previously much confusion and lack of uniformity 
existed in the rating of speed reducers which was 
obviously detrimental to the interests of the pur- 
chaser. The A.G.M.A. Ratings now adopted solve 
this vital problem. They are simple to apply, and 
are equally applicable for normal or for severe 
service, it being necessary merely to apply the cor- 
rect service factor as given in tables when select- 
ing a speed reducer for any individual purpose. 


IN YOUR OWN PROTECTION YOU SHOULD SPECIFY A.G.M.A. RATINGS FOR YOUR SPEED 
REDUCER REQUIREMENTS. Write any of the manufacturers whose names appear below: 


THE CLEVELAND WORM & GEAR CO. 
3249 E. 80th Street Cleveland, Ohio 


DE LAVAL STEAM TURBINE CO. 


Trenton, New Jersey 


THE FALK CORPORATION 


Milwaukee, Wisconsin 


FOOTE BROS. GEAR & MACHINE CO. 
5301 So. Western Blvd. Chicago, Illinois 


FOOTE GEAR WORKS, INC. 


1301 S. Cicero Avenue Cicero, Illinois 


THE HORSBURGH & SCOTT CO. 
5114 Hamilton Ave. Cleveland, Ohio 


W. A. JONES FOUNDRY & MACHINE CO. 
4401 W. Roosevelt Road Chicago, Illinois 


LINK-BELT COMPANY 
910 S. Michigan Ave. Chicago, Illinois 


PACIFIC GEAR & TOOL WORKS, INC. 
1035 Folsom Street San Francisco, Calif. 


PALMER-BEE COMPANY 
Detroit, Michigan 
PHILADELPHIA GEAR WORKS, INC. 
Erie Ave. & G. Street Philadelphia, Pa. 


WATSON-FLAGG MACHINE CO. 


Paterson, New Jersey 


WESTERN GEAR WORKS 
9th Ave. So. and King St. Seattle, Wash. 


WESTINGHOUSE ELECTRIC & MFG. CO. 
Nuttall Works Pittsburgh, Pa. 
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bodies organized to enhance the professional 
status of the engineer. 

The participating bodies of E.C.P.D. are: 
American Society of Civil Engineers, American 
Institute of Mining & Metallurgical Engi- 
neers, The American Society of Mechanical 
Engineers, American Institute of Electrical 
Engineers, Society for the Promotion of Engi- 
neering Education, American Institute of 
Chemical Engineers, and National Council of 
State Boards of Engineering Examiners. The 
executive committee is composed of C. F. 
Hirshfeld, Chairman, J. Vipond Davies, F. 
M. Becket, W. E. Wickenden, C. F. Scott, H. 
C. Parmelee, R. I. Rees, D. B. Steinman, and 
the secretary is George T. Seabury, 29 West 
39th Street, New York, N. Y. 

The activities of the four major committees 
of the Council are organized to cover the edu- 
cational and professional needs of the engineer 
from the time he is a student in the secondary 
school faced with the problem of entering upon 
a college education leading to a professional 
career to the time he has developed in the prac- 
tice of his chosen branch of the engineering 
profession to such an extent that he is eligible 
for membership in one of the professional en- 
gineering societies and for registration for 
license to practice engineering under the laws 
of his state. 


Coming Meetings of A.S.M.E. 
Local Sections 


Buffalo: May 15. Dinner meeting of the 
Buffalo Section at 6:30 p.m. Subject: The 
Engineer and Social Well-Being, by Ralph E. 
Flanders, President of The American Society 
of Mechanical Engineers 

Detroit: May 13. Detroit Yacht Club, 
Belle Island at 6:30 p.m. Annual Meeting 
with Student Branch members as guests. Sub- 
ject: The Engineer and Social Well-Being, by 
President Ralph E. Flanders. 

Erie: May 14. Evening Meeting. Eric 
Section and Technical Federation of Erie. 
Subject: The Engineer and Social Well-Being, 
by President Ralph E. Flanders. 

Kansas City; May 19. Annual Dinner and 
Election of Section Officers. 

Metropolitan: May 1. President Ralph E. 
Flanders will address the Metropolitan Section 
on the subject, *“The Future for the Engineer 
and the Engineering Society."" A dinner will 
precede the mecting, at the Roger Smith 
Restaurant, 40 East 41st Street, New York 
City at 7:00 p.m. sharp. Dinner reservations 
should be made by telephoning A.S.M.E. 
headquarters. The charge will be eighty- 
five cents. Ladies are cordially invited. 

The address will be delivered at 8:15 p.m. 
also at 40 East 41st Street. Those who may 
not care to attend the dinner may go directly 
to the meeting room which is separate from 
but adjoining the dining room. 

Milwaukee: May 17. Milwaukee Athletic 
Club at 6:00 p.m, Joint Meeting with the 
faculty of Engineering College, University of 
Wisconsin and Local Section of Patent Law 
Association in commemoration of the issuance 
of the two-millionth patent by the U. S. 
Patent Office. Subject: Relation of Patents 


to the Engineer and the Universities, by 
George I. Haight, Patent Attorney, Chicago, 
Ill. 

Philadelphia: May 28. Meeting at 8:00 p.m. 
Philadelphia Engineers’ Club, 1317 Spruce St., 
Philadelphia, Pa. Subject: Aviation—Mod- 
ern Methods of Testing Aircraft Power Plants, 
by Lieutenant-Commander Sprague, United 
States Navy. Dinner at eighty cents a plate 
will be served at 6:15 p.m. at the club. 

Rochester: May 16. Dinner at 6:15 p.m. 
Evening meeting, 8:15 p.m. with the Rochester 
Engineering Society at the Sagamore Hotel. 
Subject: The Engineer and Social Well-Being, 
by President Ralph E. Flanders. 


Candidates for Membership 
in the A.S.M.E. 


HE application of each of the candidates 

listed below is to be voted on after May 
25, 1935, provided no objection thereto is made 
before that date, and provided satisfactory re- 
plies have been received from the required 
number of references. Any member having 
comments or objections should write to the 
secretary of the A.S.M.E. at once. 


New APPLICATIONS 


ANpDERSON, James Louis, Huntington Park, 
Calif. 

Bacuetuer, A. W., Boise, Idaho 

Baupry, Reng Anpreg, Wilkinsburg, Pa. 

Biaas, W. F., Peoria, Ill. 

Brooke, Minott, Huntington, W. Va. 

Cameron, E. H., San Francisco, Calif. (Re) 

Caruart, Witsur F., Brooklyn, N. Y. 

Crarke, E.ton B., Camas, Wash. 

Crowper, Wixsur L., Pueblo, Colo. 

Disn1ncTton, Herman, Santa Monica, Calif. 

Eastman, Cuarxes A., New York, N. Y. 

Enoutso, W. M., West Lafayette, Ind. 

Fox, Max, Jr., Lancaster, Pa. 

Gatxiacuer, Harry J., Brooklyn, N. Y. 

Gauux, Lieut. Joszpu J., McAlevy’s Fort, Pa. 

Gorpon, Euuiortt M., Chicago, IIl. 

Gutnrir, A. N., Ottawa, IIl. 

Hart, Gaytorp B., Kansas City, Kans. 

Heruerinoton, G. R., Dallas, Tex. 

Hirtn, E. F., Pasadena, Calif. 

Honcart, Hucs M., Paisley, Scotland 

Hotreran, W. K., Beaumont, Tex. 

Jasper, Cuarces A., Harrisburg, Pa. 

Karassik, Icor J., New York, N. Y. 

Karp, Raymonp E., Knoxville, Tenn. 

Kenpina, Ernst K., New York, N. Y. (Rt) 

Kenyon, James M., Kilmarnock, Scotland 

Livincsron, ALExaNDER C., Ayrshire, Scot- 
land 

Mannino, WittraM T., Ridley Park, Pa. 

McCoy, Tuomas A., Oakland, Calif. 

McKeown, Grecory M., Highland Park, 
Mich. 

Merritt, Davin R., Long Beach, Calif. 

Moors, Roy Auten, Wenatchee, Wash. 

Mountz, Peter, Portland, Oregon 

Pugan, Cot. Jonn J., Washington, D. C. 

Rostnson, E. A., Montreal, Quebec, Canada 

Rostnson, Max B., Cleveland, Ohio (Rt & T) 

SarpaNna, Amar Nata, Honolulu, T. H. 

Scort-TaGGart, Jonn, Frinton-on-Sea, En- 
gland 
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SHoox, Garnett W., Lawrence, Kans. 
Stat, Earzs R., Greenville, S. C. (Re) 
Tanco, Arturo V., San Juan, Rizal, P. I. 
Terrewy, Wittiam A., Williston Park, N. Y. 
Wan teicn, R. H., Montclair, N. J. 

We cn, Gzorrrey W., Fergus Falls, Minn. 
Warts, W. J., Balboa Heights, Canal Zone 


CHANGE OF GRADING 


Transfers from Associate-Member 


Jermy, Laurence E., Cleveland, Ohio 
Lusk, S. W., Newark, N. J. 

Mina, Pror. F. W., Brooklyn, N. Y. 
Prossrr, Rocrer D., New York, N. Y. 


Transfers from Junior 


Birp, Samuet B., Wilmington, Del. 
Brown, G. Bent ey, Peoria, Ill. 
DeBrutn, E. A., Denver, Colo. 
Dewttna, L. E., Petersburg, Va. 
Dickey, Paut S., Cleveland, Ohio 
Hetter, M. M., Austin, Tex. 
Hemenway, Seymour H., Prospect Park, Pa. 
Jeneser, R. A., Swissvale, Pa. 

Jones, J. B., Blacksburg, Va. 

PassaNo, Wi1tL1aM M., Baltimore, Md. 
Scuwezizer, Paut Ernest, Auburn, N. Y. 
Tuomas, C. Y., Pittsburg, Kans. 
Uratem, H. C., Cincinnati, Ohio 
Youno, Anprew J., Minneapolis, Minn. 


Necrology 


HE following deaths were reported to the 
Office of the Society between March’4 and 
April 4: 


Breyer, Cuarzes F., January 15, 1935 
CrawrorD, Cuartzgs S., January, 1935 
Grirrin, Dana G., February 26, 1935 
Hennessy, WiLt1aM J., November 26, 1934 
Kent, James M., March 24, 1935 
McFaruanb, Watter M., March 4, 1935 
O'Brien, Epwarp W., Aug. 4, 1934 
Watsu, Wittram F., March 19, 1935 


A.S.M.E. Transactions 
for April, 1935 


HE April, 1935, issue of the Transactions 
of the A.S.M.E., contains the following 
papers: 
A New Basis for the Rating of Roller-Chain 
Drives (MSP-57-1), by G. M. Bartlett 
Radiation Intensities and Heat Transfer by 
Radiation in Boiler Furnaces (FSP-57-4), by 
Huber O. Croft and C. F. Schmarje 
The Leakage of Steam Through Labyrinth 
Seals (FSP-57-5), by Adolf Egli 
The Division of the Load Among Generating 
Units for Minimum Cost (FSP-57-6), by 
James E. Mulligan 


Discussion 
On previously published papers by R. Ek- 
sergian, N. N. Davidenkoff, S. J. Needs, 
H. P. Neuber, E. L. Thearle, G. A. 
Gaffert, L. H. Donnell 
Discussion of papers in the April issue of 
Transactions will be received until July 10, 
1935. 
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